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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic storage that can cope with 
both a sufficient S/N ratio and a fine cell area. 
SOLUTION: The magnetic storage stores data due to tunnel magnetic 
resistance effect, and has at least two tunnel magnetic resistance 
effect elements la and lb that are laminated so that actuation can be 
detected. The respective tunnel magnetoresistance effect elements la and 
lb are laminated, for example, by sandwiching a word line 3. 
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CLAIMS 



[Claim (s)] 

[Claim 1] Magnetic storage which is the magnetic storage which memorizes 
data according to a tunnel magneto-resistive effect, and was equipped 
with at least two tunnel magneto-resistive effect components by which 
the laminating was carried out so that actuation detection might be 
possible. 

[Claim 2] Magnetic storage according to claim 1 which is prolonged 
between said two tunnel magneto-resistive effect components by which the 
laminating was carried out, and is characterized by having further the 
1st wiring electrically connected to the both sides of said two tunnel 
magneto-resistive effect components. 

[Claim 3] Magnetic storage according to claim 2 characterized by having 
further the 2nd wiring prolonged in the direction which intersects said 
1st wiring near said two tunnel magneto-resistive effect components by 
which the laminating was carried out. 

[Claim 4] Magnetic storage according to claim 2 or 3 characterized by 
having further the 2nd bit wiring prolonged in the direction which is 
electrically connected to said tunnel magneto-resistive effect component 
arranged at the other side of the 1st bit wiring electrically connected 
to said tunnel magneto-resistive effect component arranged at the one 
side of said 1st wiring, and said 1st wiring, and intersects said 1st 
bit wiring. 



[Claim 5] Each of said two tunnel magneto-resistive effect components by 
which the laminating was carried out is magnetic storage according to 
claim 3 characterized by having the tunnel insulating layer arranged 
between the fixing layer to which the magnetization direction was fixed, 
the recording layer from which the magnetization direction changes with 
external magnetic fields, and said fixing layer and said recording layer. 
[Claim 6] It is the magnetic storage according to claim 5 characterized 
by constituting said 1st wiring by the thickness which is extent in 
which said recording layer of said tunnel magneto-resistive effect 
component arranged on both sides of said 1st wiring at one side and said 
recording layer of said tunnel magneto-resistive effect component 
arranged at the other side carry out antiferromagnetism association. 
[Claim 7] Said recording layer of said tunnel magneto-resistive effect 
component arranged on both sides of said 1st wiring at one side and said 
recording layer of said tunnel magneto-resistive effect component 
arranged at the other side are magnetic storage according to claim 6 
characterized by magnetizing the reverse sense mutually. 
[Claim 8] Magnetic storage according to claim 5 with which said fixing 
layer is characterized by having the laminated structure of a 
ferromagnetic layer and an antiferromagnetism layer. 
[Claim 9] Magnetic storage according to claim 5 with which said fixing 
layer is characterized by having the 1st a little more than magnetic 
layer which carried out antiferromagnetism association mutually on both 
sides of the non-magnetic layer, and the 2nd a little more than magnetic 
layer. 

[Claim 10] Said 1st a little more than magnetic layer and said 2nd a 
little more than magnetic layer are magnetic storage according to claim 
9 characterized by magnetizing the reverse sense mutually. 
[Claim 11] Magnetic storage according to claim 4 characterized by having 
further the 1st diode arranged between said tunnel magneto-resistive 
effect component arranged at the one side of said 1st wiring, and said 
1st bit wiring, and the 2nd diode arranged between said tunnel magneto- 
resistive effect component arranged at the other side of said 1st wiring, 
and said 2nd bit wiring. 

[Claim 12] Magnetic storage according to claim 4 characterized by having 
further the transistor electrically connected to each of said 1st and 
2nd bit wiring so that a current may not flow to each of said 1st and 
2nd bit wiring in the case of the store of data and it may be 
controllable. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Specifically, this invention relates to the 
magnetic storage which memorizes data according to a tunnel magneto- 
resistive effect about magnetic storage. 
[0002] 

[Description of the Prior Art] By adding a field to the magnetic 
substance, the magnetic-reluctance (MR:magnetoresistive) effectiveness 
is the phenomenon in which electric resistance changes, and is used for 
a field sensor, the magnetic head, etc. Artificial grid film, such as 
Fe/Cr and Co/Cu, etc. is found out by the following reference 1 and 
reference 2 as a huge magnetic-reluctance (GMR: giant magnetoresi stance) 
effectiveness ingredient in which a recent years very big magneto- 
resistive effect is shown. 

[0003] Reference l:D. H. Mosca et al. and "Oscillatory interlayer coupling 
and giantmagnetoresistance in Co/Cu multilayers", Journal of Magnetism 
and Magnetic Materials 94 (1991) pp. L1-L5 reference 2:S. S. P. Parkin et al. 
and "Oscillatory Magnetic Exchange Coupling through Thin Copper Layers", 
Physical Review Letters, and vol. — 66, No. 16, 22April 1991, and 
pp. 2152-2155 — again According to the structure which consists of the 
ferromagnetic layer / non-magnetic layer / a ferromagnetic layer / an 
antiferromagnetism layer which has a thick non-magnetic metal layer in 
extent whose switched connection operation between ferromagnetic layers 
is lost Switched connection of a ferromagnetic layer / the 
antiferromagnetism layer is carried out, the magnetic moment of the 
ferromagnetic layer is fixed, and the so-called spin bulb film which 
enabled it to reverse only the spin of the ferromagnetic layer of 
another side easily in an external magnetic field is known. FeMn, IrMn, 
PtMn, etc. are used as the ant i ferromagnetic substance. In this case, 
since the switched connection between two ferromagnetic layers can 
reverse spin in a weak small magnetic field and the magnetic resistance 
element of high sensitivity can be offered compared with the above- 
mentioned switched connection film, it is used as the reproducing head 
for high density magnetic recording. The above-mentioned spin bulb film 
is used for film surface inboard by passing a current. 
[0004] On the other hand, use of the perpendicular magneto-resistive 
effect which passes a current perpendicularly to a film surface knows 
that a still bigger magneto-resistive effect will be acquired from the 



following reference 3. 

[0005] Reference 3:W. P. Pratt et al. , "Perpendicular Giant 
Magnetoresistances of Ag/Co Multilayers", and Physical Review Letters, 
vol. — 66, No. 23, 10 June 1991, and pp. 3060-3063 — further In three 
layer membranes which consist of a ferromagnetic layer / an insulating 
layer / a ferromagnetic layer, by making the spin of two ferromagnetic 
layers parallel or anti-parallel mutually by the external magnetic field 
The tunnel magneto-resistive effect (TMR: tunneling magneto-resistive) by 
the ferromagnetic tunnel junction using the magnitude of the tunnel 
current of a film surface perpendicular direction differing is also 
known from the following reference 4. 

[0006] Reference 4:T. Miyazaki et al. , "Giant magnetic tunneling effect 
in Fe/aluminum203-/Fe junction", and Journal of Magnetism and Magnetic 
Materials 139 (1995), Using GMR and a TMR component for a non-volatile 
magnetic storage semiconductor device (MRAM: magnetic random access 
memory) in recent years [ pp. L231-L241 ] is studied by the following 
reference 5 and reference 6. 

[0007] Reference 5:S. Tehrani et al. and "High density submicron 
magnetoresi stive random access memory" (invited), Journal of Applied 
Physics, and vol.85, No. 8 and 15 April 1999, pp. 5822-5827 reference 
6:S. S. P. Parkin et al. and "Exchange-biased magnetic tunnel junctions and 
application to nonvolatile magnetic randomaccess memory" (invited), 
Journal of Applied Physics, and vol.85, No. 8, 15 April 1999, and 
pp. 5828-5833 — the pseudo-spin bulb component and the ferromagnetic 
tunnel effect component whose non-magnetic metal layer was pinched in 
two ferromagnetic layers from which coercive force differs in this case 
are examined. When using for MRAM, "1" and "0" are recorded by arranging 
these components in the shape of a matrix, passing a current to wiring 
which prepared independently, impressing a field, and controlling two 
magnetic layers of each other which constitute each component to 
parallel and anti-parallel. Read-out is performed using GMR or the TMR 
effectiveness. 

[0008] In MRAM, since those who used the TMR effectiveness to the GMR 
effectiveness are low powers, mainly using a TMR component is examined. 
MRAM using a TMR component does not have to carry out spin reversal at a 
room temperature at the time of that bigger output voltage is obtained 
since MR rate of change is as large as 20% or more and the resistance in 
a tunnel junction is strong, and read-out, with so small the current, 
has the descriptions, like read-out is possible, and is expected as 
nonvolatile memory of the low-power mold in which high-speed writing and 
read-out are possible. 



[0009] However, with a TMR component, MR rate of change falls greatly 
with bias voltage, and if the bias voltage which is usually about 300- 
400mV is impressed, the TMR effectiveness will be reduced by half. Since 
MRAM is a current drive mold, the method which passes a fixed read-out 
current and obtains a signal level is taken. For this reason, for high- 
speed read-out, it is expected that it is necessary to make a sense 
current about [ at least lOmicro ] into A. Moreover, it was not avoided 
that about 300-400mV bias is impressed from the magnitude of the bond 
resistance of a tunnel magneto-resistive effect component, but the fall 
of the TMR effectiveness by bias voltage was a big problem. 
[0010] Using the ferromagnetic duplex tunnel junction component which 
consists of a configuration of a ferromagnetic layer / insulating layer 
/ ferromagnetic layer / insulating layer / ferromagnetic layer to the 
above-mentioned problem is proposed by the following reference 7. 
[0011] Reference 7:Y. Saito et al. , "Correlation between Barrier Width, 
Barrier Height and and DC Bias Voltage Dependences on the 
Magnetoresistance Ratio inlr-Mn Exchange Biased Single and Double Tunnel 
Junctions", and Jpn. J. Appl. Phys. Vol. 39 (2000) pp. L1035-L1038[0012 — ] 
[Problem (s) to be Solved by the Invention] However, even if it uses said 
multiplex tunnel junction, still, the conventional MRAM architecture is 
not enough as output voltage. Hereafter, that is explained. 
[0013] In the conventional MRAM architecture, the memory cell which 
consists of a transistor 106 for component selection and a ferromagnetic 
tunnel junction component 101 as shown in drawing 28 is arranged in the 
shape of a matrix by being located near [ intersection ] each [ of two 
or more bit lines 102 and two or more word lines 103 ]. 
[0014] Either the sourceorthe drain of the transistor 106 for component 
selection are connected to a bit line 102, and another side is 
electrically connected to the ferromagnetic tunnel junction component 
101, respectively. Moreover, the gate of the transistor 106 for 
component selection is electrically connected to the word line 103. The 
digit line 109 for data rewriting is arranged so that it may extend near 
this ferromagnetic tunnel junction component 101. 

[0015] At the time of writing, when a current is passed by the digit 
line 109 etc., a field is generated, and it is magnetized so that two 
magnetic layers which constitute the ferromagnetic tunnel junction 
component 101 by the field may serve as parallel and anti-parallel 
mutually, and "0" and "1" are recorded. 

[0016] Moreover, let the transistor 106 for component selection 
connected to the word line 103 be an ON state by choosing the 
predetermined word line 103 at the time of read-out. Furthermore, tunnel 



current is passed by passing a current to the predetermined bit line 102 
by the ferromagnetic tunnel junction component 101 connected to the 
transistor 106 for component selection of an ON state. A storage 
condition is judged based on resistance of the ferromagnetic tunnel 
junction component 101 at this time, that is, the ferromagnetic tunnel 
junction component 101 — the magnetization direction — parallel — if 
— resistance — small — anti-parallel — if — since it has the 
property in which resistance is strong, using this property, it is, or 
the output signal of a selection memory cell is smaller than the output 
signal of a reference eel or large, and the storage condition "0" of a 
selection memory cell and "\" are judged. 

[0017] In the above-mentioned architecture, as mentioned above, a 
storage condition is judged on the basis of the output signal of a 
reference eel by whether the output signal of a selection memory cell is 
smaller than the output signal or large. That is, if resistance when the 
magnetization direction is parallel is set to Rp in the ferromagnetic 
tunnel junction component 101 and resistance at the time of anti- 
parallel is set to Rap, since the differences of the resistance of a 
selection memory cell and a reference eel are about |Rap-Rp|/2, the 
judgment of a storage condition will be made using the one half of 
resistance change |Rap-Rp| accompanying the TMR effectiveness. 
[0018] Moreover, it is necessary to pass a current also to the 
transistor 106 for component selection of a selection memory cell at the 
time of read-out, and in the above-mentioned architecture, when the 
property of the transistor 106 for component selection is not fixed, the 
noise resulting from it will be given to output voltage. For this reason, 
in the above-mentioned architecture, the signal-to-noise ratio (S/N 
ratio) was as small as about 30dB. 

[0019] The technique of improving this S/N ratio is proposed with the 
following reference 8. 

[0020] Reference 8: The architecture proposed by the R. Scheuerlein et 
al. , "A 10 second Read and Write Non-Volatile Memory Array Using a 
Magnetic Tunnel Junction and FET Switch in each Cell", and 2000 IEEE 
International Sol id-State Circuits Conference above-mentioned reference 
8 has the configuration shown in drawing 29 . With reference to drawing 
29 , two transistors 206a and 206b for component selection and two 
ferromagnetic tunnel junction components 201a and 201b are made into 1 
bit by this architecture. And writing is performed so that another side 
may become anti-parallel, and as for one side of two ferromagnetic 
tunnel junction components 201a and 201b, the storage condition is 
always read by the actuation detecting method in parallel. That is, a 



storage condition is judged according to the difference of the output 
signal of another side to one output signal of two ferromagnetic tunnel 
junction components 201a and 201b. 

[0021] Thus, since data are read by the actuation detecting method, the 
judgment of a storage condition will be made using whole resistance 
change |Rap-Rp| accompanying the TMR effectiveness. Therefore, it can be 
greatly made twice [ more than ] in the case of the architecture which 
shows the magnitude of an output signal to drawing 28 , and it becomes 
possible to improve a S/N ratio. However, since 1 bit is constituted 
from two elements, the cell size per bit becomes large, and in realizing 
mass MRAM, it becomes a problem. 

[0022] Thus, in the architecture of MRAM by which the conventional 
proposal has been made, it was incompatible in a S/N ratio high above 
enough and a detailed eel area. 

[0023] So, the purpose of this invention is realizing magnetic storage 
compatible in a S/N ratio high enough and a detailed eel area. 
[0024] 

[Means for Solving the Problem] The magnetic storage of this invention 
is magnetic storage which memorizes data according to a tunnel magneto- 
resistive effect, and is equipped with at least two tunnel magneto- 
resistive effect components by which the laminating was carried out so 
that actuation detection might be possible. 

[0025] Since actuation detection only with two tunnel magneto-resistive 
effect components by which the laminating was carried out is possible 
according to the magnetic storage of this invention, a transistor 
becomes unnecessary at a memory cell and detailed eel area can be 
realized. Moreover, since stored data can be read by actuation detection, 
sufficient S/N ratio can be obtained. Therefore, the magnetic storage 
which fills the both sides of sufficient S/N ratio and a detailed eel 
area is realizable. 

[0026] In the above-mentioned magnetic storage, preferably, it extends 
between 2 tunnel magneto-resistive effect components by which the 
laminating was carried out, and has further the 1st wiring electrically 
connected to the both sides of two tunnel magneto-resistive effect 
components. 

[0027] Thus, since the 1st wiring is arranged so that it may extend 
between two tunnel magneto-resistive effect components by which the 
laminating was carried out, each magnetic layer of two tunnel magneto- 
resistive effect components is mutually magnetizable to the reverse 
sense by the field produced by passing a current to the 1st wiring. 
Thereby, one side of two tunnel magneto-resistive effect components can 



be written in by magnetizing another side to anti-parallel in parallel. 
Therefore, it becomes possible to read the data based on the actuation 
detecting method using two tunnel magneto-resistive effect components. 
[0028] In the above-mentioned magnetic storage, it has further 
preferably the 2nd wiring prolonged in the direction which intersects 
the 1st wiring near the two tunnel magneto-resistive effect components 
by which the laminating was carried out. 

[0029] This 2nd wiring can be made to magnetize a tunnel magneto- 
resistive effect component easily by the synthetic field of the field 
produced by passing a current, and the field produced with the 1st 
above-mentioned wiring. 

[0030] It has further the 2nd bit wiring preferably prolonged in the 
above-mentioned magnetic storage in the direction which is electrically 
connected to the tunnel magneto-resistive effect component arranged at 
the other side of the 1st bit wiring electrically connected to the 
tunnel magneto-resistive effect component arranged at the one side of 
the 1st wiring, and the 1st wiring, and intersects the 1st bit wiring. 
[0031] Thus, a tunnel magneto-resistive effect component can be made to 
magnetize easily by the synthetic field of the field produced with the 
1st bit line, and the field produced with the 2nd bit line by extending 
the 1st and 2nd bit lines in the direction which crosses mutually. 
Moreover, by connecting a bit line to each tunnel magneto-resistive 
effect component, it becomes possible to choose a memory cell at the 
time of writing, and data can be read through a bit line at the time of 
read-out. 

[0032] In the above-mentioned magnetic storage, each of two tunnel 
magneto-resistive effect components by which the laminating was carried 
out has preferably the tunnel insulating layer arranged between the 
fixing layer to which the magnetization direction was fixed, the 
recording layer from which the magnetization direction changes with 
external magnetic fields, and a fixing layer and a recording layer. 
[0033] Thus, since the resistance of a tunnel magneto-resistive effect 
component is changed by changing the magnetization direction of the 
recording layer to the magnetization direction of a fixing layer, and 
making the mutual magnetization direction parallel and anti-parallel, 
based on this resistance value change, writing and read-out of storage 
can be performed. 

[0034] The 1st wiring consists of thickness which is extent in which the 
recording layer of the tunnel magneto-resistive effect component 
preferably arranged on both sides of the 1st wiring at one side in the 
above-mentioned magnetic storage and the recording layer of the tunnel 



magneto-resistive effect component arranged at the other side carry out 
antiferromagnetism association. 

[0035] Thereby, if only one of recording layers is magnetized, the 
recording layer of another side will also be magnetized by one 
magnetization direction and reverse sense of a recording layer by 
antiferromagnetism association. 

[0036] In the above-mentioned magnetic storage, the recording layer of 
the tunnel magneto-resistive effect component arranged on both sides of 
the 1st wiring at one side and the recording layer of the tunnel 
magneto-resistive effect component arranged at the other side are 
preferably magnetized by the reverse sense mutually. 

[0037] Thereby, if only one of recording layers is magnetized, the 
recording layer of another side will also be magnetized by one 
magnetization direction and reverse sense of a recording layer by 
antiferromagnetism association. 

[0038] In the above-mentioned magnetic storage, a fixing layer has the 
laminated structure of a ferromagnetic layer and an antiferromagnetism 
layer preferably. 

[0039] Thereby, the magnetization direction of a fixing layer is fixable. 
In the above-mentioned magnetic storage, it has preferably the 1st a 
little more than magnetic layer and the 2nd a little more than magnetic 
layer which carried out antiferromagnetism association mutually on both 
sides of the non-magnetic layer. 

[0040] Thereby, the magnetic direction of a fixing layer is fixable. In 
the above-mentioned magnetic storage, the 1st a little more than 
magnetic layer and the 2nd a little more than magnetic layer of each 
other are preferably magnetized by the reverse sense. 

[0041] Thereby, the magnetization direction of a fixing layer is fixable. 
In the above-mentioned magnetic storage, it has further preferably the 
1st diode arranged between the tunnel magneto-resistive effect 
components and the 1st bit wiring which have been arranged at the one 
side of the 1st wiring, and the 2nd diode arranged between the tunnel 
magneto-resistive effect components and the 2nd bit wiring which have 
been arranged at the other side of the 1st wiring. 

[0042] Since it is controllable a flow and un-flowing, based on this, 
store and read-out of data can be performed. [ of the diode connected to 
this tunnel magneto-resistive effect component by changing the 
resistance of a tunnel magneto-resistive effect component ] 
[0043] In the above-mentioned magnetic storage, preferably, it has 
further the transistor electrically connected to each of the 1st and 2nd 
bit wiring so that a current may not flow to each of the 1st and 2nd bit 



wiring in the case of the store of data and it may be controllable. 
[0044] Thereby, it can prevent with a transistor that a current flows to 
each bit line at the time of the store of data. 
[0045] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of 
this invention is explained based on drawing. 

[0046] (Gestalt 1 of operation) Drawing 1 is the circuit diagram of the 
magnetic storage in the gestalt 1 of operation of this invention. With 
reference to drawing 1 , the memory cell MC of MRAM has two tunnel 
magneto-resistive effect components la and lb each other connected to 
the serial with the gestalt of this operation. Between these two tunnel 
magneto-resistive effect components la and lb, the word line 3 is 
connected electrically. Moreover, bit line 2a and 2b are electrically 
connected to each edge of two tunnel magneto-resistive effect components 
la and lb connected to the serial, respectively. Such a memory cell MC 
is arranged in the shape of a matrix in being located near [ each ] the 
intersection of two or more word lines 3 and two or more bit line 2a. 
[0047] The word line 3 is electrically connected to either the 
source/drain of a transistor 5. Bit line 2a is electrically connected to 
amplifier 4 through transistor 8a, and bit line 2b is electrically 
connected to amplifier 4 through transistor 8b. 
[0048] Drawing 2 is the perspective view showing roughly the 
configuration of the magnetic storage shown in drawing 1 . With 
reference to drawing 2 , bit line 2a and 2b are prolonged in the 
direction which intersects perpendicularly mutually, and the word line 3 
is prolonged in the same direction as bit line 2b between bit line 2a 
and 2b. The laminating of each of two tunnel magneto-resistive effect 
components la and lb which constitute a memory cell MC is carried out 
mutually, tunnel magneto-resistive effect component la is arranged 
between bit line 2a and a word line 3, and tunnel magneto-resistive 
effect component lb is arranged between a word line 3 and bit line 2b. 
[0049] Drawing 3 is the outline sectional view showing the configuration 
of one memory cell among the magnetic storage shown in drawing 2 . With 
reference to drawing 3 , tunnel magneto-resistive effect component la 
has the configuration by which the laminating of fixing layer 11a to 
which the magnetization direction was fixed, tunnel insulating-layer 12a, 
and the recording layer 13a from which the magnetization direction 
changes with external magnetic fields was carried out to order from the 
bottom. 

[0050] Tunnel magneto-resistive effect component lb has the 
configuration the laminating of recording layer 13b from which the 



magnetization direction changes, tunnel insulating-layer 12b, and the 
fixing layer lib to which the magnetization direction was fixed was 
carried out to order by whose external magnetic field from the bottom. 
[0051] Each of the fixing layers 11a and lib is having the magnetization 
direction fixed by considering as the laminated structure of for example, 
an antiferromagnetism layer and a ferromagnetic layer. That is, the 
magnetization direction of a ferromagnetic layer is kept constant 
because an antiferromagnetism layer fixes the sense of the spin of a 
ferromagnetic layer. This antiferromagnetism layer is formed between a 
ferromagnetic layer, bit line 2a, or 2b. This ferromagnetic layer 
consists for example, of a CoFe layer, and the antiferromagnetism layer 
consists for example, of an IrMn layer. 

[0052] Each of recording layers 13a and 13b consists of a ferromagnetic 
layer, for example, consists of a laminated structure of a CoFe layer 
and a NiFe layer. Each of the tunnel insulating layers 12a and 12b 
consists for example, of an AlOx layer. 

[0053] In addition, the word line 3 is thickly formed in extent which is 
formed from the non-magnetic layer and does not combine two 
ferromagnetic layers (recording layer) 13a and 13b of each other in 
antiferromagnetism. Moreover, each of bit line 2a and 2b consists for 
example, of a Cu layer. 

[0054] Next, write-in actuation of the magnetic storage of the gestalt 
of this operation is explained. Drawing 4 is an outline perspective view 
for explaining write-in actuation of the data of one memory cell of the 
magnetic storage in the gestalt 1 of operation of this invention. With 
reference to drawing 4 , a current is passed in the direction shown in a 
word line 3 by the arrow head 52 at the time of the writing of data. 
Thereby, according to the principle of a right screw, a field arises in 
the arrow-head Bl direction which surround a word line 3. By this field, 
recording layer 13a located under a word line 3 is magnetized in the 
direction shown by arrow-head 53a, and recording layer 13b located on a 
word line 3 is magnetized in the direction shown by arrow-head 53b. 
[0055] On the other hand, each of the fixing layers 11a and lib is 
beforehand magnetized in the direction of arrow-head 57a, and the 
direction of arrow-head 57b. For this reason, in tunnel magneto- 
resistive effect component lb, each magnetization direction of fixing 
layer lib and recording layer 13b serves as anti-parallel to becoming 
parallel [ each magnetization direction of fixing layer 11a and 
recording layer 13a ] in tunnel magneto-resistive effect component la. 
As this condition shows by drawing 3 , it considers as the storage 
condition of "0. * 



[0056] Moreover, when a current is passed in an arrow head 52 to a word 
line 3 at a reverse side, the sense of the field generated so that a 
word line 3 may be surrounded serves as an arrow head Bl with the 
direction of inverse rotation. Therefore, in this case, recording layer 
13a is magnetized to hard flow with arrow-head 53A, and also magnetizes 
recording layer 13b to hard flow with arrow-head 53b. In this case, the 
magnetization direction of fixing layer llof tunnel magneto-resistive 
effect component la a and recording layer 13a serves as anti-parallel 
mutually, and the magnetization direction of fixing layer llof tunnel 
magneto-resistive effect component lb b and recording layer 13b becomes 
parallel mutually. As this condition shows by drawing 3 , it considers 
as the storage condition of "1. " 

[0057] Here, the tunnel magneto-resistive effect component has the 
property that resistance becomes small when each magnetization direction 
of a recording layer and a fixing layer is parallel, and resistance 
becomes large when each magnetization direction of a fixing layer and a 
recording layer is anti-parallel. Therefore, in the state of storage of 
"0", the resistance of tunnel magneto-resistive effect component lb 
becomes larger than the resistance of tunnel magneto-resistive effect 
component la, and the resistance of tunnel magneto-resistive effect 
component lb becomes smaller than the resistance of tunnel magneto- 
resistive effect component la in the state of storage of "1. " 
[0058] Next, read-out actuation of the magnetic storage of the gestalt 
of this operation is explained. With reference to drawing 3 , at the 
time of read-out, the predetermined transistor 5 is turned on and the 
word line 3 connected to the transistor 5 of the ON state is chosen. 
Tunnel current is passed by each of the tunnel magneto-resistive effect 
components la and lb connected to the selected word line 3 by this from 
a word line 3. Each tunnel current or each load electrical potential 
difference in that case is inputted into amplifier 4 via bit line 2a, 2b, 
and Transistors 8a and 8b. And a storage condition is judged by whether 
the tunnel current or the load electrical potential difference of 
another side is high or low by the actuation method to one tunnel 
current or load electrical potential difference of two tunnel magneto- 
resistive effect components la and lb. 

[0059] In judging a storage condition with a signal level concretely, 
among the tunnel magneto-resistive effect components la and lb, the 
magnetization direction sets resistance of an parallel side to Rp, and 
if resistance of the side used as anti-parallel is set to Rap and tunnel 
current is set to Id, a signal level will be set to deltaV (= (Rap-Rp) 
Id) and -deltaV corresponding to "1" of a storage condition, and "0. " 



[0060] With the gestalt of this operation, since the storage condition 
is read by the actuation method, the judgment of a storage condition 
will be made using whole resistance change |Rap-Rp| accompanying the TMR 
effectiveness. Therefore, as compared with the case of the architecture 
shown in drawing 28 , a signal level becomes large more than twice. 
Furthermore, since the transistor for component selection is not 
contained in the memory cell MC, it is not influenced of a noise with 
the transistor. For this reason, as compared with the case of the 
architecture shown in drawing 28 , a S/N ratio becomes large 10 or more 
times. 

[0061] Moreover, a transistor for component selection like architecture 
shown in drawing 29 by the memory cell MC of the gestalt of this 
operation is unnecessary, and a reference eel like architecture shown in 
drawing 28 is also unnecessary, and since the laminating of the two more 
tunnel magneto-resistive effect components la and lb can be carried out 
and they can be formed, eel area can be made detailed rather than 
drawing 28 and the architecture shown in 29. 

[0062] As mentioned above, with the gestalt of this operation, it is 
compatible in the both sides of a S/N ratio high enough and a detailed 
eel area. 

[0063] In addition, in the above, although the method which magnetizes a 
recording layer only in the magnetic field produced with a word line 3 
was explained, recording layers 13a and 13b may be magnetized by the 
synthetic magnetic field of the magnetic field produced with a word line 
3, and the magnetic field produced in bit line 2a. Hereafter, the method 
is explained. 

[0064] Drawing 5 is an outline perspective view for explaining signs 
that use a word line and a bit line for one memory cell MC, and data are 
written in. A current is passed with reference to drawing 5 by the word 
line 3 and bit line 2a which are prolonged in the direction which 
intersects perpendicularly mutually first. A current is passed for 
example, in the arrow-head 52 direction by the word line 3, and a 
magnetic field is generated in it in the arrow-head Bl direction which 
surround a word line 3 by that cause. The field of the direction of 
arrow-head 53a is impressed to recording layer 13a under a word line 3 
by this magnetic field, and the field of the direction of arrow-head 53b 
is impressed to recording layer 13b on a word line 3. On the other hand, 
a current is passed by bit line 2a for example, in the arrow-head 51 
direction, and a magnetic field is generated in the direction of arrow- 
head B-2 which surround bit line 2a by that cause. The field of this 
direction shown in each of arrow heads 54a and 54b is impressed to each 



of the recording layers 13a and 13b on bit line 2a by this magnetic 
field. 

[0065] With reference to drawing 6 , there is a direction (condition 
that energy is low) which is easy to magnetize with the crystal 
structure, a configuration, etc. in a ferromagnetic layer like recording 
layers 13a and 13b. This direction is called an easy axis (easy axis). 
In the condition that storage is held, a ferromagnetic layer is 
magnetized in this direction. On the other hand, the direction which is 
hard to magnetize is called a hard axis (hard axis). 
[0066] astro- [ the magnitude of a magnetic field required in order to 
reverse the sense of magnetization is indicated to be by curvilinear 
56a ] — the id — it becomes a curve. Here, the synthetic magnetic 
field of the sense shown by the sense shown by arrow-head 53a, the 
magnetic field of magnitude, and arrow-head 54a and the magnetic field 
of magnitude will be impressed to recording layer 13a in the sense and 
magnitude which are shown by arrow-head 55a. Since the magnitude of this 
synthetic magnetic field is over the threshold expressed with 
curvilinear 56a, recording layer 13a will be magnetized in the direction 
shown by +in drawing H of the direction of an easy axis. 
[0067] On the other hand with reference to drawing 7 , the synthetic 
magnetic field of the sense shown by the sense shown by arrow-head 53b, 
the magnetic field of magnitude, and arrow-head 54b and the magnetic 
field of magnitude will be impressed to recording layer 13b in the sense 
and magnitude which are shown by arrow-head 55b. Since the magnitude of 
this synthetic magnetic field is also over the threshold expressed with 
curvilinear 56b, recording layer 13b will be magnetized in the direction 
shown by-in drawing H of the direction of an easy axis. 
[0068] Thus, in the method written in by the word line 3 and bit line 2a, 
since recording layer 13a under a word line 3 and recording layer 13b 
which is upwards are mutually magnetizable to the reverse sense like the 
method written in by word line 3 independent one, actuation detection 
can be performed similarly. 

[0069] Moreover, by the method written in by the word line 3 and bit 
line 2a, it becomes possible to make the memory cell MC which can 
magnetize each of recording layers 13a and 13b with a current value 
smaller than the method written in by word line 3 independent one, and 
is in the predetermined address by energization with a word line 3 and 
bit line 2a choose and memorize. 

[0070] (Gestalt 2 of operation) Drawing 8 is the sectional view showing 
roughly the configuration of one memory cell MC of the magnetic storage 
in the gestalt 2 of operation of this invention. With reference to 



drawing 8 , the configurations of the gestalt of this operation differ 
in the point which the point that fixing layer 11a consists of 
multilayer structure of ferromagnetic layer 11c, and lid of non-magnetic 
layers and ferromagnetic layer lie, and recording layers 13a and 13b 
have magnetized in the same direction as compared with the configuration 
of the gestalt 1 of operation shown in drawing 3 . 
[0071] Fixing layer 11a has the laminated structure by which the 
laminating of ferromagnetic layer 11c, and lid of non-magnetic layers 
and ferromagnetic layer lie was carried out to order from the bottom. By 
joining together in antiferromagnetism mutually, the ferromagnetic 
layers 11c and lie of these are being fixed, where the reverse sense is 
magnetized mutually. 

[0072] In addition, since it is almost the same as the configuration of 
the gestalt 1 of operation mentioned above about the configuration of 
those other than this, the sign same about the same member is attached 
and the explanation is omitted. 

[0073] At the time of the writing of the gestalt of this operation, the 
transistor 5 connected to the word line 3 is made into the OFF state, 
and a current is passed by each of two bit line 2a which intersects 
perpendicularly mutually, and 2b. Based on the principle which this 
explained by drawing 6 and drawing 7 by the synthetic magnetic field of 
the magnetic field produced in bit line 2a, and the magnetic field 
produced in bit line 2b, and the same principle, each of recording 
layers 13a and 13b is mutually magnetized in the same direction. By this 
magnetization, the magnetization direction of one fixing layer of the 
tunnel magneto-resistive effect components la and lb and a recording 
layer becomes parallel mutually, and the magnetization direction of the 
fixing layer of another side and a recording layer serves as anti- 
parallel mutually. Therefore, read-out of an actuation method becomes 
possible like the gestalt 1 of operation. 

[0074] (Gestalt 3 of operation) Drawing 9 is the sectional view showing 
roughly the configuration of one memory cell of the magnetic storage in 
the gestalt 3 of operation of this invention. With reference to drawing 
9 , the configuration of the gestalt of this operation constitutes the 
wiring layer 22 prolonged among recording layers 13a and 13b from a 
layer with an another word line 3 as compared with the configuration of 
the gestalt 2 of operation shown in drawing 8 , and differ in the point 
of having connected electrically this wiring layer 22 and word line 3 by 
the conductive layer 21. 

[0075] In addition, since it is almost the same as the configuration of 
the gestalt 2 of operation mentioned above about the configuration of 



those other than this, the sign same about the same member is attached 
and the explanation is omitted. 

[0076] With the gestalt of this operation, since the wiring layer 22 is 
constituted from a layer with an another word line 3, thickness of the 
wiring layer 22 prolonged among recording layers 13a and 13b can be made 
thin. 

[0077] At the time of the writing of the gestalt of this operation, the 
transistor 5 connected to the word line 3 is made into the OFF state, 
and a current is passed by each of two bit line 2a which intersects 
perpendicularly mutually, and 2b. Based on the principle which this 
explained by drawing 6 and drawing 7 by the synthetic magnetic field of 
the magnetic field produced in bit line 2a, and the magnetic field 
produced in bit line 2b, and the same principle, each of recording 
layers 13a and 13b is mutually magnetized in the same direction. By this 
magnetization, the magnetization direction of one fixing layer of the 
tunnel magneto-resistive effect components la and lb and a recording 
layer becomes parallel mutually, and the magnetization direction of the 
fixing layer of another side and a recording layer serves as anti- 
parallel mutually. Therefore, read-out of an actuation method becomes 
possible like the gestalt 1 of operation. 

[0078] (Gestalt 4 of operation) Drawing 10 is the sectional view showing 
roughly the configuration of one memory cell of the magnetic storage in 
the gestalt 4 of operation of this invention. The configuration of the 
gestalt of this operation is compared with the configuration of the 
gestalt 3 of operation shown in drawing 9 with reference to drawing 10 . 
The point which recording layers 13a and 13b have combined in 
antiferromagnetism mutually, and the point of having the configuration 
which either of the recording layers 13a and 13b tends to magnetize 
rather than another side differ from fixing layer 11a in the point that 
the magnetization direction is being fixed by the laminated structure of 
an antiferromagnetism layer and a ferromagnetic layer. 
[0079] In addition, about the configuration of those other than this, 
since it is almost the same as the configuration of the gestalt 3 of 
operation mentioned above, the sign same about the same member is 
attached and the explanation is omitted. 

[0080] With the gestalt of this operation, the thickness of a wiring 
layer 22 is thinly set as extent which can combine the recording layers 
13a and 13b of each other in antiferromagnetism. Since there is a 
possibility that wiring resistance of a wiring layer 22 may become high, 
by this, a wiring layer 22 and a word line 3 are formed in another layer 
that it should be prevented, and reduction of wiring resistance is 



achieved by thickening thickness of a word line 3. 
[0081] Moreover, either of the recording layers 13a and 13b is 
considered as the configuration (for example, thickness differs or the 
quality of the materials differ) which is easy to magnetize rather than 
another side. By this, when it energizes to bit line 2a and 2b at the 
time of writing, another side which is easy to magnetize among recording 
layers 13a and 13b, while magnetizes in the predetermined direction 
previously and is hard to magnetize will be magnetized to a reverse side 
with one side. 

[0082] At the time of the store of the gestalt of this operation, the 
transistor 5 connected to the word line 3 is made into the OFF state, 
and a current is passed by each of two bit line 2a which intersects 
perpendicularly mutually, and 2b. Based on the principle which this 
explained by drawing 6 and drawing 7 by the synthetic magnetic field of 
the magnetic field produced in bit line 2a, and the magnetic field 
produced in bit line 2b, and the same principle, another side which is 
easy to magnetize among recording layers 13a and 13b, while magnetizes 
in the predetermined direction previously and is hard to magnetize will 
magnetize one side to a reverse side. By this magnetization, the 
magnetization direction of one fixing layer of the tunnel magneto- 
resistive effect components la and lb and a recording layer becomes 
parallel mutually, and the magnetization direction of the fixing layer 
of another side and a recording layer serves as anti-parallel mutually. 
Therefore, read-out of an actuation method becomes possible like the 
gestalt 1 of operation. 

[0083] (Gestalt 5 of operation) Drawing 11 is the circuit diagram of the 
magnetic storage in the gestalt 5 of operation of this invention. With 
reference to drawing 11 , the configurations of the gestalt of this 
operation differ in the point further equipped with the digit line 9 
used as wiring for a data store which extends near the two tunnel 
magneto-resistive effect components la and lb which constitute a memory 
cell MC, and the transistor 10 electrically connected to the digit line 
9 as compared with the configuration of the gestalt 1 of operation shown 
in drawing 1 . 

[0084] Drawing 12 is the perspective view showing roughly the 
configuration of the magnetic storage shown in drawing 11 , and drawing 
13 is the sectional view showing roughly the configuration of one memory 
cell of the magnetic storage shown in drawing 12 . With reference to 
drawing 12 and drawing 13 , the above-mentioned digit line 9 has 
extended in the same direction as bit line 2a on both sides of an 
insulating layer in the upper layer of two tunnel magneto-resistive 



effect components la and lb by which the laminating was carried out. 
[0085] In addition, about the configuration of those other than this, 
since it is almost the same as the configuration of the gestalt 1 of 
operation mentioned above, the sign same about the same member is 
attached and the explanation is omitted. 

[0086] Drawing 14 is an outline perspective view for explaining write-in 
actuation of the data of one memory cell of the magnetic storage in the 
gestalt 5 of operation of this invention. A current is passed with 
reference to drawing 14 by the word line 3 and the digit line 9 which 
are prolonged in the direction which intersects perpendicularly mutually. 
A current is passed for example, in the arrow-head 52 direction by the 
word line 3, and a magnetic field is generated in it in the arrow-head 
Bl direction which surround a word line 3 by that cause. The field of 
the direction of arrow-head 53a is impressed to recording layer 13a 
under a word line 3 by this magnetic field, and the field of the 
direction of arrow-head 53b is impressed to recording layer 13b on a 
word line 3. On the other hand, a current is passed by the digit line 9 
for example, in the arrow-head 55 direction, and a magnetic field is 
generated on it in the arrow-head B3 direction which surround the digit 
line 9 by that cause. The field of this direction shown in each of arrow 
heads 58a and 58b is impressed to each of the recording layers 13a and 
13b under the digit line 9 by this magnetic field. 

[0087] Here, a synthetic magnetic field with the magnetic field of the 
sense shown by the magnetic field of the sense shown by arrow-head 53a 
and arrow-head 58a will be impressed to recording layer 13a. Moreover, a 
synthetic magnetic field with the magnetic field of the sense shown by 
the magnetic field of the sense shown by arrow-head 53b and arrow-head 
54b will be impressed to recording layer 13b. Based on the principle 
explained by drawing 6 and drawing 7 by these synthetic magnetic fields, 
and the same principle, the magnetization direction of one fixing layer 
of the tunnel magneto-resistive effect components la and lb and a 
recording layer becomes parallel mutually, and the magnetization 
direction of the fixing layer of another side and a recording layer 
serves as anti-parallel mutually. Therefore, read-out of an actuation 
method becomes possible like the gestalt 1 of operation. 
[0088] In addition, each configuration shown in drawing 8 - drawing 10 
may also be considered as the configuration which adds the transistor 10 
connected to the digit line 9 and it, and is shown in drawing 15 - 
drawing 17 . With each configuration shown in drawing 15 - drawing 17 , 
a current is passed by bit line 2a and the digit line 9 at the time of 
writing, and a recording layer is magnetized in the predetermined 



direction. Since it is almost the same as actuation of drawing 8 - 
drawing 10 about the writing of those other than this, and read-out 
actuation, the explanation is omitted. 

[0089] (Gestalt 6 of operation) Drawing 18 is the circuit diagram of the 
magnetic storage in the gestalt 6 of operation of this invention. With 
reference to drawing 18 , the configurations of the gestalt of this 
operation differ in the point that each of Diodes 31a and 31b was 
respectively prepared between tunnel magneto-resistive effect component 
la and bit line 2a and between tunnel magneto-resistive effect component 
lb and bit line 2b, as compared with the configuration of the gestalt 1 
of operation shown in drawing 1 . 

[0090] Drawing 19 is the sectional view showing roughly the 
configuration of one memory cell of the magnetic storage shown in 
drawing 18 . With reference to drawing 19 , diode 31a has n mold field 
32a formed on bit line 2a, and the n mold field 32a and p mold field 33a 
which makes pn junction. Moreover, diode 31b has p mold field 33b formed 
on fixing layer lib, and the p mold field 33b and n mold field 32b which 
makes pn junction. 

[0091] In addition, since it is almost the same as the configuration of 
the gestalt 1 of operation mentioned above about the configuration of 
those other than this, the sign same about the same member is attached 
and the explanation is omitted. 

[0092] The magnetic storage of the gestalt of this operation differs 
from the gestalt 1 of operation in read-out actuation. Tunnel current is 
passed by two tunnel magneto-resistive effect components la and lb 
connected to the word line 3 by passing a read-out current with 
reference to drawing 18 to the word line 3 chosen at the time of read- 
out. Here, since another side is magnetized for one side by anti- 
parallel in parallel, as for two tunnel magneto-resistive effect 
components la and lb, resistance with one side and another side differs. 
For this reason, since the electrical potential difference more than 
forward voltage (forward bias) is impressed, the diode connected to the 
tunnel magneto-resistive effect component of a side with low resistance 
will be in switch-on. However, since only an electrical potential 
difference smaller than forward voltage is impressed, the diode 
connected to the tunnel magneto-resistive effect component of a side 
with high resistance will be in non-switch-on. That storage condition is 
judged by the differential method by reading the condition of this a 
flow and not flowing. 

[0093] In addition, you may consider as the configuration which Diodes 
31a and 31b are added also in the configuration shown in drawing 8 - 



drawing 10 , and is shown in drawing 20 - drawing 22 . Also in this case, 
that storage condition is judged by the differential method by reading 
the condition of a flow and not flowing like the above. 
[0094] (Gestalt 7 of operation) Drawing 23 is the circuit diagram 
showing the magnetic storage in the gestalt 7 of operation of this 
invention, and drawing 24 is the sectional view showing roughly the 
configuration of one memory cell of the magnetic storage shown in 
drawing 23 . With reference to drawing 23 and drawing 24 , the 
configurations of the gestalt of this operation differ in the point of 
having added the transistor 10 electrically connected to the digit line 
9 which extends near the two tunnel magneto-resistive effect components 
la and lb which constitute a memory cell MC, and its digit line 9, as 
compared with the configuration of the gestalt 6 of operation shown in 
drawing 18 and drawing 19 . The configuration of this digit line 9 and 
transistor 10 is almost the same as the configuration explained with the 
gestalt 5 of operation. 

[0095] In addition, since it is almost the same as the configuration of 
the gestalt 6 of operation constituted therefore mentioned above other 
than this, the sign same about the same member is attached and the 
explanation is omitted. 

[0096] Moreover, you may consider as the configuration shown in drawing 
25 - drawing 27 by adding the digit line 9 and a transistor 10 to the 
configuration of drawing 20 - drawing 22 . 

[0097] Also in the configuration shown in these drawing 24 - drawing 27 , 
the storage condition is judged by the differential method like the 
gestalt 6 of operation by reading the condition of a flow and not 
flowing, at the time of read-out. 

[0098] In the gestalten 1-7 of operation mentioned above, in order to 
enlarge read-out sensibility, it is desirable to use the large 
ingredient of a tunnel magneto-resistive effect, therefore each magnetic 
film can use half metal, such as the magnetic substance, such as Co, Fe, 
a Co-Fe alloy, a Co-nickel alloy, a Co-Fe-nickel alloy, and a Fe-nickel 
alloy, and NiMnSb, and Co2MnGe, etc. Since an energy gap exists in one 
spin band, if half metal uses this, a bigger magneto-resistive effect 
can be acquired and the big signal output as a result will be obtained. 
[0099] As the ant i ferromagnetic substance, FeMn, IrMn, PtMn, etc. can 
use what is obtained by the usual spin bulb GMR. As an insulator layer, 
aluminum 203, Ta205, Si02, MgO, etc. can be used. The desirable range of 
such thickness is 0. 5-3nm. 

[0100] such a thin film for magnetic cells — a molecular beam epitaxy 
(MBE: Molecular Beam Epitaxy) — law, various spatters, and chemical 



vapor deposition (CVD: Chemical Vapor Deposition) — it is producible 
using the usual thin film deposition systems, such as law and vacuum 
deposition. 

[0101] Moreover, although the semiconductor device of MRAM was explained 
in the above, it is not limited to a semiconductor device and this 
invention can be widely applied to magnetic storage. 
[0102] Moreover, in above MRAM, although the memory cell MC which 
consists of two tunnel magneto-resistive effect components la and lb was 
explained, two or more tunnel magneto-resistive effect components may be 
contained in the memory cell MC, and the laminating of those memory 
cells MC of each other may be carried out. 

[0103] It should be thought that the gestalt of the operation indicated 
this time is [ no ] instantiation at points, and restrictive. The range 
of this invention is shown by the above-mentioned not explanation but 
claim, and it is meant that all modification in a claim, equal semantics, 
and within the limits is included. 
[0104] 

[Effect of the Invention] Since actuation detection only with two tunnel 
magneto-resistive effect components by which the laminating was carried 
out is possible according to the magnetic storage of this invention as 
explained above, a transistor becomes unnecessary at a memory cell and 
detailed eel area can be realized. Moreover, since stored data can be 
read by actuation detection, sufficient S/N ratio can be obtained. 
Therefore, the magnetic storage which fills the both sides of sufficient 
S/N ratio and a detailed eel area is realizable. 

[0105] In the above-mentioned magnetic storage, preferably, it extends 
between 2 tunnel magneto-resistive effect components by which the 
laminating was carried out, and has further the 1st wiring electrically 
connected to the both sides of two tunnel magneto-resistive effect 
components. Thus, since the 1st wiring is arranged so that it may extend 
between two tunnel magneto-resistive effect components by which the 
laminating was carried out, each magnetic layer of two tunnel magneto- 
resistive effect components is mutually magnetizable to the reverse 
sense by the field produced by passing a current to the 1st wiring. 
Thereby, one side of two tunnel magneto-resistive effect components can 
be written in by magnetizing another side to anti-parallel in parallel. 
Therefore, it becomes possible to read the data based on the actuation 
detecting method using two tunnel magneto-resistive effect components. 
[0106] In the above-mentioned magnetic storage, it has further 
preferably the 2nd wiring prolonged in the direction which intersects 
the 1st wiring near the two tunnel magneto-resistive effect components 



by which the laminating was carried out. This 2nd wiring can be made to 
magnetize a tunnel magneto-resistive effect component easily by the 
synthetic field of the field produced by passing a current, and the 
field produced with the 1st above-mentioned wiring. 
[0107] It has further the 2nd bit wiring preferably prolonged in the 
above-mentioned magnetic storage in the direction which is electrically 
connected to the tunnel magneto-resistive effect component arranged at 
the other side of the 1st bit wiring electrically connected to the 
tunnel magneto-resistive effect component arranged at the one side of 
the 1st wiring, and the 1st wiring, and intersects the 1st bit wiring. 
Thus, a tunnel magneto-resistive effect component can be made to 
magnetize easily by the synthetic field of the field produced with the 
1st bit line, and the field produced with the 2nd bit line by extending 
the 1st and 2nd bit lines in the direction which crosses mutually. 
Moreover, by connecting a bit line to each tunnel magneto-resistive 
effect component, it becomes possible to choose a memory cell at the 
time of writing, and data can be read through a bit line at the time of 
read-out. 

[0108] In the above-mentioned magnetic storage, each of two tunnel 
magneto-resistive effect components by which the laminating was carried 
out has preferably the tunnel insulating layer arranged between the 
fixing layer to which the magnetization direction was fixed, the 
recording layer from which the magnetization direction changes with 
external magnetic fields, and a fixing layer and a recording layer. Thus, 
since the resistance of a tunnel magneto-resistive effect component is 
changed by changing the magnetization direction of the recording layer 
to the magnetization direction of a fixing layer, and making the mutual 
magnetization direction parallel and anti-parallel, based on this 
resistance value change, writing and read-out of storage can be 
performed. 

[0109] The 1st wiring consists of thickness which is extent in which the 
recording layer of the tunnel magneto-resistive effect component 
preferably arranged on both sides of the 1st wiring at one side in the 
above-mentioned magnetic storage and the recording layer of the tunnel 
magneto-resistive effect component arranged at the other side carry out 
antiferromagnetism association. Thereby, if only one of recording layers 
is magnetized, the recording layer of another side will also be 
magnetized by one magnetization direction and reverse sense of a 
recording layer by antiferromagnetism association. 

[0110] In the above-mentioned magnetic storage, the recording layer of 
the tunnel magneto-resistive effect component arranged on both sides of 



the 1st wiring at one side and the recording layer of the tunnel 
magneto-resistive effect component arranged at the other side are 
preferably magnetized by the reverse sense mutually. Thereby, if only 
one of recording layers is magnetized, the recording layer of another 
side will also be magnetized by one magnetization direction and reverse 
sense of a recording layer by antiferromagnetism association. 
[0111] In the above-mentioned magnetic storage, a fixing layer has the 
laminated structure of a ferromagnetic layer and an antiferromagnetism 
layer preferably. Thereby, the magnetization direction of a fixing layer 
is fixable. 

[0112] In the above-mentioned magnetic storage, it has preferably the 
1st a little more than magnetic layer and the 2nd a little more than 
magnetic layer which carried out antiferromagnetism association mutually 
on both sides of the non-magnetic layer. Thereby, the magnetic direction 
of a fixing layer is fixable. 

[0113] In the above-mentioned magnetic storage, the 1st a little more 
than magnetic layer and the 2nd a little more than magnetic layer of 
each other are preferably magnetized by the reverse sense. Thereby, the 
magnetization direction of a fixing layer is fixable. 
[0114] In the above-mentioned magnetic storage, it has further 
preferably the 1st diode arranged between the tunnel magneto-resistive 
effect components and the 1st bit wiring which have been arranged at the 
one side of the 1st wiring, and the 2nd diode arranged between the 
tunnel magneto-resistive effect components and the 2nd bit wiring which 
have been arranged at the other side of the 1st wiring. Since it is 
controllable a flow and un-flowing, based on this, store and read-out of 
data can be performed. [ of the diode connected to this tunnel magneto- 
resistive effect component by changing the resistance of a tunnel 
magneto-resistive effect component ] 

[0115] In the above-mentioned magnetic storage, preferably, it has 
further the transistor electrically connected to each of the 1st and 2nd 
bit wiring so that a current may not flow to each of the 1st and 2nd bit 
wiring in the case of the store of data and it may be controllable. 
Thereby, it can prevent with a transistor that a current flows to each 
bit line at the time of the store of data. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram of the magnetic storage in the 
gestalt 1 of operation of this invention. 

[Drawing 2] It is the perspective view showing the configuration of the 
magnetic storage of drawing 1 roughly. 

[Drawing 3] It is the sectional view showing roughly the configuration 
of one memory cell of the magnetic storage shown in drawing 2 . 
[Drawing 4] It is an outline perspective view for explaining signs that 
data are written in one memory cell. 

[Drawing 5] It is an outline perspective view for explaining signs that 
use a word line and a bit line for one memory cell, and data are written 
in. 

[Drawing 6] It is drawing 1 for explaining the magnetization by the 
synthetic magnetic field. 

[Drawing 7] It is drawing 2 for explaining the magnetization by the 
synthetic magnetic field. 

[Drawing 8] It is the sectional view showing roughly the configuration 
of one memory cell of the magnetic storage in the gestalt 2 of operation 
of this invention. 

[Drawing 9] It is the sectional view showing roughly the configuration 
of one memory cell of the magnetic storage in the gestalt 3 of operation 
of this invention. 

[Drawing 10] It is the sectional view showing roughly the configuration 
of one memory cell of the magnetic storage in the gestalt 4 of operation 
of this invention. 

[Drawing 11] It is the circuit diagram of the magnetic storage in the 

gestalt 5 of operation of this invention. 

[Drawing 12] It is the perspective view showing roughly the 

configuration of the magnetic storage shown in drawing 11 . 

[Drawing 13] It is the sectional view showing roughly the configuration 

of one memory cell of the magnetic storage shown in drawing 12 . 

[Drawing 14] It is an outline perspective view for explaining signs that 

use a word line and a digit line for one memory cell, and data are 

written in. 

[Drawing 15] It is the outline sectional view showing the configuration 
which added the digit line and the transistor to the configuration of 
drawing 8 . 

[Drawing 16] It is the outline sectional view showing the configuration 
which added the digit line and the transistor to the configuration of 
drawing 9 . 

[Drawing 17] It is the outline sectional view showing the configuration 



which added the digit line and the transistor to the configuration of 
drawing 10 . 

[Drawing 18] It is the circuit diagram of the magnetic storage in the 
gestalt 6 of operation of this invention. 

[Drawing 19] It is the sectional view showing roughly the configuration 

of one memory cell of the magnetic storage shown in drawing 18 . 

[Drawing 20] It is the sectional view showing roughly the configuration 

which added diode to the configuration of drawing 8 . 

[Drawing 21] It is the sectional view showing roughly the configuration 

which added diode to the configuration of drawing 9 . 

[Drawing 22] It is the sectional view showing roughly the configuration 

which added diode to the configuration of drawing 10 . 

[Drawing 23] It is the circuit diagram of the magnetic storage in the 

gestalt 7 of operation of this invention. 

[Drawing 24] It is the sectional view showing roughly the configuration 
of one memory cell of the magnetic storage shown in drawing 23 . 
[Drawing 25] It is the sectional view showing roughly the configuration 
which added the digit line and the transistor to the configuration of 
drawing 20 . 

[Drawing 26] It is the sectional view showing roughly the configuration 
which added the digit line and the transistor to the configuration of 
drawing 21 . 

[Drawing 27] It is the outline sectional view showing the configuration 
which added the digit line and the transistor to the configuration of 
drawing 22 . 

[Drawing 28] It is the circuit diagram of the conventional magnetic 
storage. 

[Drawing 29] It is the circuit diagram of the conventional magnetic 
storage which performs actuation detection. 
[Description of Notations] 

la, lb A tunnel magneto-resistive effect component, 2a, 2b Bit line, 3 A 
word line, 4 Amplifier, 5, 8a, 8b, 10 Transistor, 9 A digit line, 11a, 
lib A fixing layer, 11c, lie A ferromagnetic layer, lid A non-magnetic 
layer, 12a, 12b Tunnel insulating layer, 13a, 13b A recording layer, 21 
A conductive layer, 22 A wiring layer, 31a, 31b, 31a Diode, 32a n mold 
field, 32b p mold field. 
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(57) mmi 

VBm +»fts/NibtWIB3S:-b;Miiat03R** 
aprffift «fc a icaiartifc'jHB: < 2 h 

ftfflEKaft**=F 1a, 1b S« AT^«. C © 2 O© h 
9- K«3*»A/-Z3Mi*tiT^S. 




[ft ?R3S 2 ] 811 * ftfc 2 ocDtufB h >*;l/H«[ffija 
ab£#?®HHcBtk fro 2 ocDbuIB h 

Ho 

31 2 El*** S W*S2lc 
I3*<D5SMf31Ii5l», 

MEJg 1 BUOflfe^lltcBB^tL^ttE h >*JWWflff 
fi3&S*?lc«ftttte»tt**u froffiEJSl tfy r-E 

XtcZtm^tt^ im2Sfca3{CE«4>ttft[ 
iBUMo 

£g*ftfc2O0i*Eh>*/U^fiffi 

s tMfBiB^ tornKwrnzntc v y^ivtmm t z 

So 

mrni 6 ] msss i E«*«A/T-*ffi«cK«*ti 
jit3B«sa«ffiB^-r*sa©jp*?i(rts» i E^tiii 

rt*ftT^*C£*ft»£T3, W*E5fcIB»0H»l 
EttSB. 

[USE 7 ] tulBSg 1 E»*«A/T-*fflHcE«* ft 

tcmrnztittitm k v^^^ms^^^^huibib^ 

3* ff#g6KEffi®&ftEttSB. 

(ommimtttzz.t&mtt%s warns tcsm 

mmm i o ] tneii i mnui t sues 2 ®58ttJi 

imm 1 1 ] Mian 1 mnv>-mnzmw$ntcm 
m\~>*)mm®n®m?twsBm'\ tfy hmBtv> 



mizmwzntcm 1 ¥<(*- Ft. 
mim&£W!BSS2fry brnwitomizmmzntcm 

2 *^t-K£**Sfc«*fcE 
^KEttaBtaEttgll. 

1 2 ] x-* ©»aoiSfci!BB« 1 <fc tffl 

2 © ir h stt©&4 fc«3watfta^«fc a 

•fedtc. MESnfc<fct/fi2<Dbf\y h£tt<Z>£4l;:«*[ 
[000 1] 

[Anoa-rsaff^sn ttscEtt&wcis 

Ett**W«E*SEK:H*-3t>©T?*3o 
[0002] 

m&O&M] Itt&Sffi (MR : magnetoresi stive) % 
Mtt*U:»#£i»*.S C <t IE J: y m^ffifit^b 

ftTt^o ifi*P» #SK*#ftW»^BftjR*^-rS* 
SSMSirC (GMR : giant magnetoresi stance) HfoWM 
ntLT. Fe/Cr, Co/CuS^Al»?I& 
«Wfc£*fcrttT©Xitt 1 6*tfXK2 TJllHStlT^ 

So 

[0 0 0 3] SUM :D.H. Mosca et al., "Oscillator 
y inter layer coupling and giantmagnetoresi stance i 
n Co/Cu multilayers" , Journal of Magnetism and Ma 
gnetic Materials 94 (1991) pp. L1-L5 
$M2 : S. S.P.Park in et al., "Oscillatory Magnetic 

Exchange Coupling through Thin Copper Layers" , P 
hysical Review Letters, vol.66. No. 16, 22April 199 
1. pp. 2152-2155 

u m(Dmz i &m<»7>¥y<Dfr%ft : ®Mm?B%iz& 

ZVSo fiaatttftt LTtt* FeMn, I rMn, P 

jjn©««ie^tfs < /jx#fta»?x tf v^fiiE-p** 

Tfflt^ftTl^o ±IB©Xtr>/t/U7)Jttt, 

[0004] RiE(C3ttLT&it&iRiic«sk«airr 

SWKWiSft* C t b\ fc£ jttf«T<DS3K3frSttS 
ftTl^o 

[0 0 0 5] : W.P.Pratt et al., "Perpendicul 



ar Giant Magnetoresi stances of Ag/Co Multilayer 
s" , Physical Review Letters, vol.66. No. 23, 10 Ju 
ne 1991, pp. 3060-3063 

W.Wzm : r&Z>Wt& : ¥filcTZ>ztlz& y, MBSil 

h >*;Wg£fc h >*;WMfiiatnS&jli (T M 
R : tunneling magneto-resistive) 7££x.(£JiTF 
©£it*4frS*QS*lTl^o 
[0 0 0 6] £S*;4 :T. Miyazaki et al., "Giant mag 
netic tunneling effect in Fe/Al203/Fe junction" , 
Journal of Magnetism and Magnetic Materials 139 (1 
995), pp. L231-L241 

i£*. GMRfi«tffTMR»?*, *Jf £ffi£M!S1f¥ 
^ftSg (MR AM : magnetic random access memor 
y) immtZ>Zth\ tctz.imT(DXM535£Z?Z 

[0 0 0 7] ZM5 :S.Tehrani et al., "High densit 
y submicron magnetoresi stive random access memory 
(invited)" , Journal of Applied Physics, vol.85, N 
0.8,15 April 1999, pp. 5822-5827 
3tD56 : S. S.P.Park in et al., "Exchange-biased magn 
etic tunnel junctions and application to nonvolati 
le magnetic random access memory (invited)" , Jour 
nal of Applied Physics, vol.85, No.8, 15 April 199 
9, pp. 5828-5833 

Z-ffmtZtlTVZo MRAM'\fflffl-r*»#U:ttC*l 
S©*F£^ h y ytTJUtKEMU aifcKWTcKttfc: 

tta*S^tc¥fr, KTfrfcMarrSE tiz «fc y, 
" 1 " % "0 " jfflES* tl*„ tttHU*GMR*TMR 

[0 0 0 8] MRAMtCjJl^Tf*. GM RSft^ldtf LT 
M R»H««|J1 Lfc*tfffi>T3«ia?**iP6» ±<fc L 
TTMRlf^USCtftlitJtlTL^o TMRi 
?£*|JE LfeMRAMtt, Sa?M R fc*fl« 2 0 %« 

±<t^#<, z>o hvifcW^fcfcttSJSffitf**^© 

**itv*. 

[0 0 0 9] LfrU TMRfg?T1i/U7 7 7.BE<!:<»: 
t.KMR3Efb»tf*#<fiTU il£3 0 0~4 0 0m 
V8ft©/K7 7 X«Etf BttPtrtl* £ T M R 
T^o MRAMI4WUH&SLW5© - ?, -£©SciiJL 



W»[fiSBBiSiR?©iS^aa©***^5 3 0 0-4 0 
OmV®B©/^r7Ztfato*ft«©W»ttSftf\ A' 
<7XlEltJ:5 T M R»£©ffiTtt**ftHS?*o 

[0 0 10] ±EBHlc»LTf*. SHBttJI/lftWI/ 

[00 1 1] 3fcS*7 :Y.Saitoet al., "Correlation b 
etween Barrier Width, Barrier Height, and DC Bias 
Voltage Dependences on the Magnetoresi stance Ratio 

inlr-Mn Exchange Biased Single and Double Tunnel 
Junctions" , Jpn. J. Appl. Phys. Vol.39 (2000) pp. 
L1035-L1038 

[00 12] 

♦iMtefcJU/'T** t*©MRAM7-*7^ftT' 

[0 0 13] fie*©MRAM7'-*^? + Ttt» H2 
8lE^r«fc3K«T»Rffl \>?y*J7>* 1 0 6 

hv^s^fi o i tfrsss/tu-trjutf* 

©fcTy hiH 1 0 2 £«a©7- KH1 1 0 3 t©&a*s 
TSmfcttXt % c £ £ «fe u ^ h y y * X ttKISS* tiT 

[0 0 14] *f»RJS h7V5>X* 1 0 6©y-x/ 
KlW>©-*l4try hill 0 2fc s fte^t*3SJS14h> 

i o i jc^ti?n«[tttE««*nT^ 

5„ *fc*?»RJa hvVv** 1 0 6©^- ht*7- 
K»l 0 3 fc**«lcStt*tiTU*3o £©&li14hV 

*;u«S*y i o i ©iasicES* x-** 

iffl©f^>>'7 Mftl 0 9tfE«*tlT^3o 
[0 0 15] 5V3>y hrHl 0 9ft£{C 

raratens c t tccfc y «im«S£* *u *©atsw;: 

<fc y h >*;HS^iR? 1 0 1 **jaf * 2 o©58 

[0 0 16] SfcBKHiU5tett % msEO^-Kttl 0 3 
*WW*Ei:teJ:y*©9- Ktftl 0 3fcS«S*ifc 
a5T3HRfflh7>S?X4H 0 6 *ti*o * 

sk, msotrv h^i 0 2tc«»^-r^ticj:-pT 

*>tttt©*faHRfll h7>5>X* 1 0 6tcS«*ftfc 
BBtttt h>*/U«£*?1 0 1 K h>*/MBK«t*ft 
3„ E©fc*©3S«tt h>*/Wg£*?1 0 1 ©fiffitc 

;MS£*?i o i ^*^b^[p]^¥^T■^ 5 ^*SE^5^*vJ^^ <v 
ETff -PfcHfflSitf ^ t ^ 3 ttM^^r § fctt. c © 
tt«*jpJJJ LTWRWJ ^;U©aJ7Jffl^mBS-b/U© 



«fc y >]\Zvii*£W2s SS?^ * U -fe;U©E 
ttttflg "0" , "1" jH«we*n*. 

[0 0 17] ±IB4)7 7 -*x<79 1 *T^ ±3iRL/-c:<fc3 

fcj»Ry * y -t;l/©aj*fi*3EW^ t^#t^(c <fc o 
TfBtttt«tfWffi*ti*o o$y, a«tth>*;MS& 
If101 fc£^T«fb*ia*m*©£#©fiffi*R p 
iU fi¥fT©£#©ffiffi*R a p SSWt 
U*/Ui*!H*/b£©i8Kfl©l&tt I R a p-R p I / 
2SfiT»*3fc4k TMR»SU:fl£5ffitn3tfbl Rap 
-Rp I ©¥»*ffl^TIB1lttll©WStfft*tlT^* 

[0 0 18] Sfc_fcE©7-*5 l **+W> flftitiUS 
(cttfflR^tU-t^CiffiHRffl h7»~7^ 1 0 6lC 

6 ©#tttf-£?-&iMi^ *tu«:SH Lfcy xtf a 
■hm.mz5-7L%t\z>z.£\zt>.z )0 c©f c #>, ±e©7- 

t^^+Ttt, flNWMHHfc (S/NJt) {*3 0dB 

[0019] c©s/NU*a»r*saiift 

WT©*«8 J: y iHWtW*. 
[0 0 2 0] £1*8 :R. Scheuerlein et ai., "A 10ns 
Read and Write Non-Volatile Memory Array Using a 
Magnetic Tunnel Junction and FET Switch in each Ce 
II" , 2000 IEEE International Sol id-State Circuits 
Conference 

T*MJ€5LTV3o H2 9*#iHLT, C©Z-*x 
* + T'tt, 2 0©*?SlRffl h 7 V5*Z* 2 0 6a, 
2 06bt2O©a«tth>*;WjS^3R?20 1 a, 2 
0 1 bttf 1 kf-y h<h*n5 0 -f-LT, Sfc20©»K 
14 h>*/WS£*?2 0 1a, 2 0 1 b©-£tt¥ff 
K, fltettfiSFfrlC38:SJ:5(C»a*tffTa:t)tU *© 
Ett«!l/«Wi«tIljS7RU*ti*- oS»J2o©»8t 
tt h>*;WS£*?2 0 1a, 2 0 1 b©-^©aj7Jfl 

[002 1] C©<fc5fcfft&«US'e7 r -*SRlHLT 
l^/c«>, T M R»£fcfli3 JSffi£{b I R a p - R p I 

^^ + ©«^©2fi«±t**<7»*. S/Ntt*a» 
*-*E£tfpTfl&£&*. LfrU 2S??1 e-y h?I 

[0 0 2 2] E©<fc5lcf£|StHgSftT#fcMRAM© 

fro 

[0 0 2 3] *tl«>?l, *«W©a«(4s +»K*^S 



[0024] 

[■»**»*-*£»©#«] *#§E©5&mEHgg 
a, h >^;H8SMS*t^ic<fe y ^-^estsmjk 

a < t «fc 2 o© h >*;l^gJ^JR5R?*fl*.T^ 

So 

[0 0 2 5] *Ri£©Bf£Ett&11tt:£ti& »H*ft 

tc 2 o© h >*;i/«t«ja^»i^^rf3ft«a rtib 

wift-b;nBSi«a9ir*z:ttf-p**. sfcfHB«a 
k j; y Etix-^sRa-r c t # s 

[0 0 2 6] ±E©W«Ett£mz:£^T»S: L < ti, 
fro 2 o© h >^;WKMffiStS&^?©jR*^SMW(c 

[0 0 2 7] C©«fc5KJg1|BS^ SS*tlfc2 0© 

h >*/uwsaffia&suE?©siKsa : ««fc a icism* n 

T^*fca&, SH ESES»*»Ti: 

we, 2 o© h >*;mmj®Basue?©««ttJi*s 
fjca»i&*(cBMbf*ctfl«-p#*o ctitc^y, 20 

©r->^;H!Mffifita^?©-^t*¥^tc, ffe£ti£ 
2 o© h v*;l/««JfflB2MijB3lf?*Jl^Tt3Bi«aa (c 
[0 0 2 8] ±E©»ftEttS«fca5l/>T»S L< li, 

«w* nz-c 2 o© h yzimufflmmmwim-zm 
1 E»K«a-r**iRHcetf*»2E«3B«3- sfcis*s 

[0029] COI2 E«(c«3k«3k-r C <t TSi-r 38 
±K©m E«T?£f^5«lte©£jaKIMc«J: 

y, ^Khv*;wKSUSfi3a«*?«atfb*-e*cfc 

[0 0 3 0] ±E©»ftEMai«(c*^T»S L< fcfc, 

m i BH©-*«itcEB*tifc 

?(cWK«(cJS«**ifeJt1 If* hiB^i, Ml IBi^© 

tc»«*tu from try hiBsnic^M-rs^iRiicjit? 
[0031] ci©«feaij:mifcc):y : m2ey m*s^ 
r*a»t»2tfy mz*£?%Mftt<oGimmz& 

y , ^Bic h >*;U8tSUSffl»»K?*flBWb*-&« z. t 

fr-<?*3o sfc #h>*ju«ftaasj»jiuie?u:ifyh 

fcT, •ii^c^^y-b/U^K^S 



WIS) ZUUJ-^SMJ 



[0032] ±K©««K«g«fc:a3l/'T#* L < (i, 

we*nfc 2o®h yziumnmimmmw&wt. 
ijfoimktziBtamts mmmttmmtomizmw 

[0 0 3 3] CO«feajc@«ji(0«{b*lRHC»-rSIB» 

TfrfcT S d £ J: y , h V^JmiMlI?©! 
ISfitf «»f * fctt, C ©Hffiffi©£f bfcS^TIE* 

[0034] ±IBOSB«tEttai«Kfi^T»* L < fct, 
[0 0 3 5] C*l(c«fcy, L^rtlfi^-^OIBaWKO** 

mitt m. mmmm *>E&mte&GK. * y -£© 

SBSJIO«fbSlRliiJ!lRl*tciBfb*tl3o 
[0 0 3 6] JJBflMBtEffiSltfi^tff S L< tt» 

So 

[0037] ctitcfey, ^■fftfr-soie&ji©** 
i3aw<oBtfk*iRitii!iRi*ti:8«b*n«o 

[0 0 3 8] ±8B<0«ftlBflB6»Cfi^T»* L< It. 

So 

[0 0 3 9] CftKJ:yH*JIOBHK&lRl*@)£r*C 

itm£n2wmm£ttt% 0 
[0040] ctitc«j:yH»Jioa»D&iRi*@)e-r*c 

»1 §S8tttJitS2aBtlMittStMciS»iS#KSMb* 
tlTVSo 

[0041] cnic«feyH«jifflSBMb*iRi*Hje-rsc 
jg 1 E«©-5«fcEB*ftfc h >*;wa»t8saaauic 

If v hE*£©IBfcEfi7!rftfcJIS1 94*- K 
£ 1 £tt<Dfl!!#fl£Eraifc h>^ibM«ffiWtb 
£*?£3!2lfy H3«t©liBteEll**lfc«2^* 

[0042] h >*;u««asi2«is*? oaffit^B** a 
s c t k j: y , c © k >*imnmmmmttmsii* 



[0043] ±G<0illKEfl»B(c£^T»S L < tt, 
^-^©•SZkOBKcWI *JJ:tfJfl2©kry hEiS£©&* 

2©tT-y hE»©*4fc««HK:Stti!fftfc h5>5>3, 

[0 0 4 4] CftWJ, x-^CB&PSfc&lf v HI 

So 

[0045] 

[»«©**©»«] J-XT, *«W©*!S©»ffi(«:o^ 

[0046] (£ft©jg£ 1 ) 0 1 it. ^mmommo 
mm 1 icjjtts^miBitgswiHiKiii^sso h i 

MLT. **«©»«■?«» MRAM©yty-fe/UMC 
fcfc> S^tcS5UtcffiB!**ife20© h>*;l/BHK&&Hb 
at1 bi€tbm„ C©2o©h>*;U 
ttft&£i3bj|l£?1 a 1 1 b tCIBKtt 1 ?- KM 30* 
«WfcStt**lZV*o B5!Jfc:»tt**lfc20© 
h>*;U«MCfflan3tt**?1 a, 1 b©#i||fflHc(4*ti 
?*Hfvht82a» 2btf«St»(Cjfitt*ftT^*o d 
©<fc3&**y-fe/UMCjtk «R07-KM3&«RO 
If y Ml 2 a £©«at»(lffifcffiW-*EfcTT h 'J 

•j^xttfcEBSftxvSo 

[0047] 7- Kfft 3 (2 h 7 >5>Z* 5 ©V-X/ F 
U<>©l^ti^;frU:BSttfcJftR*ftTl**. tfy 
h3H2atth7>v ; X^8a^LT7 7 y7 p 4tc«MW 

icjgaa-tiTfcy* if* 1**2 bi* v^yvxzab* 

^LTZ>^4lcmMW^^*nT^So 

[ 0 0 4 8 ] m 2 « % m 1 K,i%?ttfteii£it©flij8« 

2 a, 2bW:StMEi!X-r*35riRlteEt?Tfeys 7— F 
*3tttfy h«2 at2 btOBTlfy hS!2 b^RC 

*iRHcetfTi^* 0 ^ : Ey-tr;i/Mc^^-rs2o©h 

>*;HKSa^B»««?1 a, 1 b©#^ti % wMcm 

m jj y , h y uBtta^Bass? i a it & h 

*2 at7-Kli3t©IH(c:E«*tlT*y, h>*;U 

wnmmgm*! bt*7- KH3tey h«2 bt© 
iwcBMrnTi**. 

[0 0 4 9] H3» % H2(C^-r«B»lE«BB©5-B1 

^©y^y-b/bowa^-rswBfiBH-psSo m3^ 

#JHLT, h>*JU««»aMUI6?1 a I*, »fb*lRl 

im&ititcmtm nat h v^utaiwa i 2 a 

«t, ^8PBWKJ:^T«KbSlRl#»br«fBi8Ji1 3 a 

[0050] vy^mmmimki-'i bit. mm 

»(C*oT*ft3&lR]*«fcT*E«« 1 3 b 

2b<t. Rtfber^ajg^ft^GWJ1 1 1 b 

[00 5 1] mmmi 1 a, 1 I b©=&>J7^ fct^tf 

ssomm t mmm £ <ommm^£ t s c t tc * y « 



jftm Z \J U 3 — Z Z V 5 4 3 



H<oxtf><oiRi#€as-rsctT». 3S»ttJi©wffc* 

If y HR2 a$fctt2 btOB(c»**nTt' k *. C© 
WmM&tc hXlfC o F el^'J^oTSU, 

[0 0 5 2] lEttJI 13 a, 13 b ©#4 figltttJIJ: 
VttvTlBVs tctxtf CoFeltN i Feliffll 
JMBfiJcyftoTL^*. h>*/M6«i 1 2 a, 12b 
©&*tifc<fcx.fc?A I OxIiyftoTL^, 

[0 0 5 3] fcfc, 7-K«3tt, #KttJi«fcyffc8* 
tlTfiy, 3^O2O0»«ttH (8BS1) 1 3 at 1 3 

bt*s^(csaafttttKis^La:L^iaBtcff<jB/a!* 

[0 0 5 4] *IiS&©Bli©i&fllB1I£«©«& 
*«ffitco^T1BWrSo 04li, *#gE©HSS©?fcfi 
1 KfeW-«5B«EttaSB©1 ooyty^KOx— 
«^IW*8WB-rSfci&©a«*HfiHT6So @4£ 

*5?©3Wje Lfctf o T, 7 - KM 3 < £EP B 1 

Effig* 3ES1 1 3 a tt£EP 5 3a T^T*lR)K^fc 
U 7- m 3 ©±(CffiH-r*IB«i 1 3 b ti^EP 5 3 
bTfiir&ftfcMffcT*. 

[0 0 5 5] -*, BttJII 1 afeJJtfl 1 b©#*ti 
^&6£0J5 7a*|pk £BJ5 7 b3&fi(C«fb*tlT^ 

ttSfM 1 1 a timm 1 3 a <t©§SS^|p)li¥ff £ 

te@#JI1 1 b£IBflUI1 3b<t©=&^^lRltiS¥ff 

t^^o cw^^msT/^-rcfeaicfct^i* - "o" © 
[0056] sfc, v-m*\z5&5 2t.\$mtozn 

»*at LfcJJtefclk 7- Ktt 3 < cfe 5 (C«£T 
^©Ji^lillifBeS 1 3 a tefcEP 5 3 A £ ftie*fflfcBf 

ftu ib&m 1 3 bt^Eps 3 b t\mi5fo\mit? 

%o Z.com^\z[t, h>*;WK*fiEBMUI5? 1 a©H 
ei1 1 a tffieS 1 3 a fcOOfbSlRjttSWEKTfr 

1 a y , h >*;u«iffiBsauiuR? i b ommm 1 1 b 

tIBSJil 3bt©«Mb*lRl(*S^(c¥fftft*o £© 

a 3 T-^r «*: a Kfc <b ai* " 1 " amtxmt2 

[0 0 5 7] CCT\ h>*;HB»aKnS!lilSR?(*» IB 

/h* < a y , fron# ji tmmm t <tfsmfifc»E& 

fr©«^fc(*lfiKffitf < &3£t^«Ht**r LTV 



£*F 1 b ©JgUtffitt h V*Jl*tfttiS£HUIUR? 1 a © 
ffi#tfil«fc y < a y , " 1 " ©B«ttt8T*tt h 
iMttffi&SOUiyR?l b©JSKfflf* h>*;UKftffilfi2Hi 

[0 0 5 8] *1C, *^%©^ffi©ttftBBfl»H©RtB 
L»fftcO^TKWr«o H3*#!HLT. tttiiUSfc 
tt. »i*0^>5>**5ff*>artlT* *©*>«« 
© h 5 yi/X$ 5 tcStt*tlf=7- Ktt 3 tmR&tl 
C*lK<fcy, 3BR*ftfe7-K*3tCjS«*tlfch 

>^;u««aeabiyR7i a, 1 b©#^^7-KH3 

£8 a, 8b££iSIfiLT7 7 V74KA2j£;h.3,, %L 
Ts 2ooh^;Hffij5S!iSi?la < lb©-* 
© hV^I/mSttfeS^ttftffimEKJ* LTflfi*© h>* 

;i/«a**^ttftw«EtfKi^, eiwc «fc y fas* 

[0 0 5 9] ftfttttc«*«Et!:«fcoTiB«tttt* ! PJffi 

■rs«^Ktt. hyzimmffltmrn^'i a, i b© 

3-6«fk*lpl3!W I fTtftoTl^fll©iafii*R p t u 
K¥fTtftoT^*«W«iK« RaptU h V*iMt 
3SE£ I d fT«t. fBHttM© "1 " , "0" JCWSL 
Tlf^*Et±AV (= (Rap-Rp) Id) , -AV 

[0060] vmammn*. mbttT-mtsmz 

miiiLT^Zrcto. TMRftomfcW?ffinmk\ Rap 

-rp lo^ftSfflfTEWttnows^aTS-nsct 

tca^o J:^Ts H12 8li:^-r7 7 -*7 1 ^?^©ii^«i: 

lfc«LTffl*«Ett2fSJM±**<a*o *6(c» 

y -tr/l/M C I- ^ >5>Z* tt^SftT^a 

1^46, ^-© h5>^xdnc«fc*/-rx©i»*a^a 

IA, C©rc4&» m2S\Z7r<tT-*T<7?*<r)m?itft 

[0061] Sfc+SStOJBJBO/ty-b^MCTI*. 
S2 9^-T7 7 -*7 1 ^5 lj i'©<fc^a*?3iW!ffl 

© «fc 5 &«!B-fe;l>fc*E?S y s * 5 2 o© h y*iu 

mnmrnm^ i a , i b «8w uT«*r * zt# 

T*S/c46s 02 8, 2 9^-r7 7 -*7 1 '?^^<feyt 
[0 0 6 2] tt±«fey % **Sfi©^T^ 

[0 0 6 3] afi±E(Cfe^Ttt» 7- K«3 tcj: y^ 

ft\ 7- KIR 3 VQltZMmt try hiH 2 a T^fSJK 
•tO^jaaWlCfeoTESJi 13 a, 13 btfHfflrfT 

[0 0 6 4] H5tt % 10©yty-t;UMC(c7-KI* 



WIS) ZUUJ-Z^K343 



SSr**lRHEBtfa7- K«3 ttf y ^2a 
»^*ti§ 0 «7-K«3(Cl*, fc£*.tf£EP5 2£fi 

(c«3Ktf at* tu *nic«fe y 7- k« 3 < £ep b 

1*lRl(C«»tfSi:«o C®««fc<fc l A 7-K«3© 
TK*SgaS» 1 3 a Ktt££P5 3 a £fa©$WtfEpj!in 
**U 7- Ktt3©±£&3EM 1 3 bfctt£B5 3 
bSlRlClBfSitfSllPSftSo Ify h«2atctt. 
fc<t*.tf££P5 i £fcfc«3Ktfat;2rtu **nc«tytfv 

h«2a*K#<*aB2*|RllcS»Kj { 4i:«o C©« 
»KJ:y % tfy h^2 a±©E8Jl1 3 a, 1 3 b©# 
£EP5 4a, 5 4b©£4T5*riRl*lR]©K# 

[0 0 6 5] H6*tMHLTs KIMM 3 a, 13 b© 

IMMtt (easy axis) IB«tffiH5*ft 

tlfc»U BWbHc<L^fi|(*» mUcfflm (hard axi 
s) iPfftfti*, 

[0 0 6 6] flftb®ffl$«£1E$«3fc&tt:£«&BM 
©***«» AH 5 6 a TfiWrft*?'* h n-T F8Mt 
C £T\ EM 1 3 a fCH&B 5 3a HSWtilS 

ti*citca*. c©^ia8wi<o*#*(*ia«5 6aT 

afcS-ftS LSlMfc&BATVSfcttliU fEUg 1 3 a 

(*K{b*s**iRj©iatf>+ h -KfvrsiRifcWbr* 3 <t 

[0 0 6 7] H7*#JBLT, BBtM 1 3blCtt 

£EP5 3 bz^rm^t±=&^(ommt^5 4 t-v^ 
t^t±^(ommt<D^mmm^W5 5 b?^r 

ia*i***?B]ftlSft* C©#$JUil© 
*#*fcHM*5 6 b?«to*ti«L*tMi*iBAT^* 
fctt, IBflUil 3bttSBEfb«S«l*lHlOiatf-HT^r 

[0 0 6 8] CO«t3lC7-Kli3tey h|2ahl£ 

* y •atssatfi^Tt* 7 - k« 3 jp»?«Mja 

5£<him 7- K«3©Tfc*3IBffli 1 3 a «t±ics 
3ESMM 3 bfc*ElMcffifc*fcWbr«Cfc#-r* 

[0 0 6 9] Sfc, ■7-K«3ttfyh«2atKJ:y 

7 - m 3 «tt?«a45*sc«fe y *<h 

3fft*3IHI?Effli 13 a, 13 b©«^*BMbT*, 

fro«7- Kit 3 h«2 a t<oxmc*vm&D7 

K t 'J -b;l/M C «3BR LTIBH* C <k 

[0070] (*SS©Jf^ 2 ) 0 8 fct *fg0^©HSS© 
J\m 2 (c£H-3BfftEfl&B0> 1 o©* t y -fe/UM C © 



$»©&»©«!«& in 3 ic^r *»©»« i ©*«£ 
j±&lt, mmm 1 1 a # BBtttji 1 1 c ^ihb&ji i 

EH 1 3 a 1 1 3 b£#Hi;afi]fc«{bLTV 
«£&£&ktTlltt«. 

[007 1] m»g 11ali, ®i&14Jf 1 1 c t#8Ht 
J11 1 dt3tfiS14S1 1 eitfTfrS«fc»H*ftfc« 
JHKt*WLT^S 0 £*l5©3£i8ttg 1 1ct11e 

3filRl*KBtfb*ftfctt«Ta£*nT^«. 

[0072] cftttfl©*jm«:-^Ttt±aLfc 
[0073] *%m<mm<?>m&m\c\t. 7- km 3 

fcStt*ftfc h^>5?X* 5**7«0HC LTfc*, S 
WcH3W*2*©ey MM 2 a. 2 b 
»**iSo E*iG:J:y\ fcfy Hi2aTftCfciHltlf 
y h«2 bT*UfeBt«t©^riafflHc«l:yH6fe<ttf 
H7TttlWLn:HSt|S]«©HSluB^# % IBSJ1 1 3 
a, 1 3b©#*ttSWEHi:SlRlfcmb*ft*. C© 
«fWcJ:y* h>^MVMB^StUiyK?1 a, 1b©- 
*©@SltfB^S t flMWbSftttE^lcTff i y v 
fft*©H»StfB^St©^b^l^lt*5lSCS¥^<!:^ 
§ 0 Lfc^oTs *tt©JBffi1£IQ& fM^C©RU 

[0074] (SS6©^H3) i2i9ii, w&mwm 
mm 3 (c^^^BtftiBflgsn© 1 o©* t y -tr/u©^ 

©»«©««^ H8lc^rHJfe©^2©^iib^ 
LTx E«JI 13 a, 13 b©HI((:Stf«GtM2 2£ 
7- K«3 t(*BI©JiT«WlU C©IB!lilS 2 2 17- 
K*3£SSHW2 1 ■CTt««tc«a«LfcjS(Cfe^Ta 

[0 0 7 5] Ctltt>W)««(CO^T(*±aLfe 

*ss©»«2©«iat(iKHi:T**fca6, in-©gpw 
ico^Ti*m-©^^L> %v>mm*mm-z>o 

[0 0 7 6] IBH^ 2 2 £7 - R! 

3tttgiJ©lT^LTl^fca6, IBWI1 3 a, 1 3 
b ©HKSitf 3E&JI 2 2 ©«»*»< r* C 

So 

[0 0 7 7] 4m©&ffi©ft&&i3u:& 7-KH3 
fc««E**lfe Y>?y*JX* 5**7««(C LTfe^, S 
lMcE^rS2*©tfy hiH2 a, 2 b ©&*£«»# 
**ti*o CWcJcy, tfy hl8S2aT^CfcJSli<!:tf 
y h^2 b7Si;fc5B»t©^«8HIK«J;yH6£«J:tJf 
H7TiWLfci0afcBHi©«aK:»r5#» SBSMI 3 
a, 1 3b©**ttElMcHU*6fciHb**i*. ^© 
«fblc«fcy % h>*;U5B»!SSB»S*yi a, 1b©- 

s©@*itiBauit©5ttfb*iRjtts^(cswTtay, 

«K&©H»JI tlBSl <h ©BHt&lRl ttSLSEfi Wri ft 



WIS! ^UU3-^Zy34J 



[0078] immmm 4 ) m 1 0 14, *^£D^ss 

©ff*!i 4 lc£fcr55BfifE1igg© 1 o©* =E y -fe;U©*if 
riiS«WS«Hc^-rBfriBHf**o HI 0*#JHLT. * 
*SS©»«©*ll8tt, B 9 £**-£«©»« 3 ©flMU: 
J±&Lr, IBHM 13 a, 13 btfEWcEBKBttttlc 

e^LT^ bbsm 1 3 a 1 1 3 b ict^'n^ 

-3&3JHBl»«fe y fc«ft L*Tl\Hrt** L7l^3 £, 
H»/f 1 1 atfsa»ttJifca«ttJii:©a»«it(cJ: 

[0 0 7 9] C*lW*K0*J«KO^Ttt, ±SEL 

[0 0 8 0] 1BHJI 13 a, 13b 

*s^Kjsaattt«(cis^?*«sfifciSttJi2 2©« 

«»^K<ft3£*tli«63fcik ^tl^RS±T^< 
SttH 2 2 1 9- KM 3 fctfflOJi-WR^ 7- KH 3 

<Dmmzm< tic* y EHHSiffl^tf nstir 

[0081] £fc, lEHS 13a, 13 b©ivftlif— 

y, saaw^(c*^rifyh«2a, 2bic»«Lfc» 

sBmmi 3a, 1 3bfl)5*iftLWl^-Stf 

[0082] xmmmmow&miziz, 7- f»3 k 

JftHStlfc h7V^5*t7» ur st> 
tcB3S-r52*©tf''y MS 2 a, 2 bOft4(C«K#afe 

*ti* 0 ctifcjcy, tfv n»2a7?*i:ft«iitfcfv 

HR 2 b i:fcK»£©£dW»U: J: y H 6 is «fetf H 

a, 1 3b©3*«fbLWl^-3W«tK:WJB5lHlU:» 
ft L, 5Bft Lie < ttififlHc«Kb-r * C £ 

fcfcSo c©^fttccfey, h>*;l/«ftfiSiaii**?1 

a, i b(o-i5(D®mmttmmt(DMity5fotemHz 

[0 0 8 3] (*fig©J£fg5) H 1 Hi, *«W©*JS 
©JBtt5fc£tt*W*E1I8B©BKB?S3. HI 1 

*#Bsxr, 4«©ft*©«uu& muemmma 
mmi am&ttmLT* **y*juMc:«iMW-*2 

OOhV^WtMSflBMllKPI a, 1 bOififtKBtE 

■rsx-^^afflBisiasx-fs?^ ^©x 

-r5>> Ht9KfWS«(cKI!**ife hvVv** 1 0<h 

**s(c«Afcji5u:fe^rsa*o 
[o o s 4] h 1 2«, h 1 1 fc&twssxBtimmnm 



m^mmmnmmmm^& y , a 1 3 an 1 2 io^t 
HMKii^g© 1 o©y t y -t;u©«wi*aww(c^r 

WiBHT*«o H1 2&&Z$mi 3*#HLT» ±izE© 
5V 5>y h«9 ti, fci*tfaJi*tifc 2 o© h >*;U 
«l»a60ai«*F1 a, 1 b©±Hctt«I*»A/7tf 
yhi2a fcHiaMJOBtLWB. 
[0 0 8 5] i!tl^©TOCO^Tti, ±iiEL 

fcHS£©^1 ©«j8£B«l5lt:?S*fc4k e-©s 

[0 0 8 6] H14&, 4&IH©&tt©&flg5fc£t*3 

mmmmmo 1 o©*t y-b/i/©^-*©*^!^ 
*Kiwrsfei6©«»iMsaH7a5«o hi 4*#hl 

r, SL^KBS-rsSlRHEStJ 5 * 7- K8 3 £ tV 5>v 
H89t(CHaE3B«aE*tl« 0 7-Ktt3f«:(4» 

^en 5 2 *iR»«:H2ft#a[**u *tiK «fe y 7 - k« 3 s 
ir#<£epb 1 *^HcB»tf4i:So c©8»tc«fcy. 

•7- Ktt3©Tfc263ffi»H 1 3 al>:f±£B5 3 aTJft 
©KIM*fflto]*tU 7-KSiiS3©±lcSSIB^1 3b 
Ktt£ffi5 3b£ft©BI!W9in*ft3o t^-7 

zmz «t y v> v h « 9 znzm < ^ep b 3 tjirj ic^Ji 

3H«4i:5. C©8HI(c«fcy. 7^-77 h^9T©iEtiJi 
13a, 1 3b©#>«?lcti, ^EP5 8a, 5 8b©§^? 

[0087] C Cr, GIU 1 3 a Ictt^Ep 53a r^ 
0] 5 3 b T^T lRl*©5B»t*aJ 5 4b V*iTfo$<m 

mt<teiamm&mazti&z£icisi%o ctis©^ 

^JitcJ: y H 6 filing 7 TRW LftH9&nHIM>*9 
h>*;W«»atn2»j|l*F1 a, 1 b©-75 
©11^^ ^IBHJI <t ©«tfb3& IrI ttS^tc¥fr t a y , AS 
7J ©@*JI <hlB^S t ©«fb*lRl(*SLMCJE¥fT «t ft 

[0 0 8 8] H8~H1 O^-T^fiKt, 

h«9fc*tf*ftfcjg«*ftfc h^^T.^ 1 0^ 
ilflQLrHI 5~H1 7tea?-r*iat*tlTt.«fcl\ H 
1 5~H1 7lC^r#^rti, «&3WSfcl£y h$|2 
hiH9tlJ:n^6Wtir, IBHHtfmS 

Sfcfc*fb**i*. ctuMJKoHaasK ^tBL»#ico 
t^r(*H8~Hi oca^tfi^urssfcto, ^© 

[0089] (HSg©^® 6 ) H 1 8 ti, *fge^©HSS 
©»»6fcfctt3W»E«S«©0!&B7»**o H1 8 
«#HLT» ***©»«©«!«(*, H1(cSr*H© 

^ i ©«« t it« Lr, h y^mnmmmmT- 1 

attf7 hS2a t©P^JJ«fetf hV^UgSMSSi^^ 
?1 b<tt>y hfi2 bfc©Hfc#«, ^-r*-K3 1 
a, 3 1 b©*^fl«R^Stifcji5i(ESl' k raa*o 



WIS) zuuj-zzyD^j 



[0090] m i 9 im 1 8 tc^-r^MiBitgs«D i o 

9£#K>LT, ^V?|--K3 1 ate, fcfy h!^2 a±lz 
MMZtltcnmim 2 a *<DnWmm2atp 
n&£ZK?pWmm3at%mLZ^%o Stc?* 
*- K3 1 bli. 1 b±tcjfM**i/cpS^ 

3 3b£, ^pSHii3 3b<i:pn^^Tn^ 
i§g3 2 bt^LTl^o 

[00 9 1] &&\ £ftJXft©MCO^Tti±iiELfc 

[0 0 9 2] *M<Dff2i©58fllS1f gSte. Utii Lg) 

>mnmmm*i a, i biz^y^m^n^n 
s c c z -c\ 2 h- y^imnmfm^m^- 1 a , 1 

bli-^A^Tlc. ffeTftfSTO^t^ftTl^Src 

mwmfonm (in/^T'x) j*±<DiBE#[Mn*fts 
fc4&»l*ffi<!:&So LfrU SMftOHl^J© h 

«o ^ omm • ^j&dki^iks c t iz & y sb* 

:£?*©E1tttaiff£J£3rftS 0 
[0 0 9 3] &J5H8HEI1 OK/^-flMfcfc^T^ 
K31a, 3 1 btfiafflSftTH2 0HH2 2t«: 

t, mm • ?sra®ttiB«RiK3 c t y sasssc? 

[0094] (mmOBM 7)023 te*#t0J3®IilJS<£> 

f&jg 7 Ktsit%mMmmiiW&m-®»Ett »a B2 

4 »B 2 3 K^?BftllStt£11® 1 O<0* =E l ) WD* 
«*«Wtt{C^-rBfiBia?**. II 2 3 fc£ tfll 2 4 £ 
#BBLT, 4m0&flB®tt/$& H11 8*«fctfH1 9 

\zm-mm<ofm6(Dmmt\m.LT, ^ty-tM/Mc 

**ia-r * 20©h >*;WK«fii^j|l*f la, lb 

(c«««U:S«**ifc h7>^x$ 1 0 ££51&n Ufcj» 
Icfcl^TgfcSo ZOTrfJy m9t V?y*J7>* 1 

o t offlga. smoK* 5 tkb Lfc*«t eon u 

[0 0 9 5] ftfe CtUS»W)«*3^TaJdfiLfc* 
[0 0 9 6] Sfc, H2 0~i2 2©Mi:, x-f^V 

h« 9 *><*:«•> 5 >*jx$ i o *iiin-r s c t iz <fc y , 

El 2 5~H2 7fcgvr*tf£SftTfc<fcl\ 
[0 0 9 7] Ctl6©H2 4~H2 7tc^-r*riJtcfc^ 



[0 0 9 8] ±SELfc*SS©^ffi 1 ~7 IcSltTf*. He 

liCo, Fe, Co-Fe^ Co-Ni^i, Co 
- F e - N i F e - N i £££ £ CDi&tttt, fc<fc 
tfNiMnSb, C 02M n G ett^COn-y^^lUH 

i%> Klci*;U4^* y S©T\ ctiSffl^ 

s t * y **ft«tttfiBaba*»s c £ isjr^ 

[0099] E3SBttt#tLTttF eMn, I rMn, 
P t M nftif, ji^OXtf>/^l/^G M RTffStlTlt 
5t©S«fflT*Citf?f4. WiKtLTtt, A I 
2O3. Ta205, Si02> MgOKZZm^ZZtft 
T*So cnSCIBtffOffSLL^ttHttO. 5~3nm 

[0 10 0] CO«fc3&«tt»*?ffl»M«:5miifcf* 
+5/ (MBE : Molecular Beam Epitaxy) S&. ^X/t 
•y^>£, (CVD : Chemical Vapor Depos 

it ion) £gj£&££$0flM^J^TCffi^T^ 

[0 10 1] Sfc±E(caS^TttMRAM0iNI(ttt11 

tress,, 

[0 102] Sfe, ±BBOMRAMK£^Ttt, 2O0 

hv^mnsMtfia, 1 bfrs&s^y-iz 

;l/M c \z-o^xmm Ltcti\ y -t;l/M c let* 2 OJ-X 

^nero^^E y -t/i/M c tis^tc^i^tiT^Tfe <fc 

[0 10 3] ^0Bi^*ftfe*JS<WB«tt-r^T©iiT 
©KHJCjc^T^tU ffffrlll«©ttlitl§»oai5l* 

.fctfiSHrtTror^TaOTtf ^stis c t^itH* ft 

So 

[0 1 04] 

B&W30«i*] J-X±IK0^ L/ccfe 5 tc*HP^©]lMfB1ig 
■K J:ftKs aSSftfe 2 O£0 h >*JUB!ftffi£i$!i£X 

7* So SfcfFBi^tBtcj: y!B1tx-$f*MUJ-re:t*^ 

Tv +»as/Nikt!WBia-b;wiiat©}R**arct- 

[0 10 5] ±EO«»Ett»«tJ:^TffSU<», 



mmzntc 2 1 h yzimm&vmmwmizmf^ 

izm 1 mm\ mm* ntc 2o©h y^immmmm. 
mwmizmz zoizmmztiz^ztdb. m 1 mm 

WSfe&arr Ztiz£V ±?%MftZ\ 2 o© h 
Jt^a iitiicd;u, 2o©h>*;i/$fi8B5ix& 

sa»s*F*fli ^zftm&mmiz omta^n 

[0 10 6] ±fB©^fB1igMlCfc^T{!?*L<ti, 
«S*tifc 2 o© h >*;l/58M&ft^3li^©;£{3i71fr 

1 mmz&mtzijmzmvzm2mm^e>izmx5 

tlTl^o C^2|BiHlC*^^rc<fc^rSllW 
[0 10 7] ±IB©$fif31tllMKfc^T$?3:L<«:, 

?icttmwtcjgiii*n/cmi tfy mmt. mmm 

tcmiztu fromi e-y vmrnzsmt ttfowm 
%wl2£v bmmtft-&e>izffiz.enz^%o £©£5 

tcjgl ££#312 fcf«y h^SlMC^MlT S^lRlKStf 

tiittc^y, m hHT^-r^wtm2e-y h 
mz£.?%M&£<D£fmmz&v, saic h>*ji/5g 

omtamiz^ mzftLZT-zzmftTztftz 

*So 

[0 10 8] ±IB©WB1fgS^fe^T$fSL<^ 

mm* ntc 2 o© ^ >*imnmimMkm?<D&*i*. 

Mitl5fi&®mzntc®mm£. ftgmmizk-iTMib 

i5foi$mttz>%mm£. mmmtmrnrntcom^mm. 
zntcbyzim&mtzmzo zco&oizmmv 
MitiomzmzimmvMitijfazmbttT. 

(DM1tl5faZ¥fi • Jg^TKT S Z. <k «fc y , I* 

©g{bK*-^Ti3it©»&& • mm LZ'ttoztft 

T^So 

[0 10 9] ±f3<D5&M!SHgMtCfcW#3:L<tt. 
Jg1 iB^K/uT— MiJlcEB^tl/c h>^;H^mffifit 

^m^otmmti&mnzmmzntc b >%imn& 
smmk^mmm t ^wm^t^mmw^z 
mimmm&zftzi^ cwau, i^w-^ 
0iB«i©^^^brn«\ mmmm^mm^ 
^ttcfc y-^©fB®ia)^b^[R]<t®iRi*tt^b**i 



So 

[0 110] ±!B©^miB1t^SttJJ^T§f$L<ti, 

jg 1 ib^^k/ut— ^fjtcEM^^fc vy^mmm 
%}%m=?-mmm tmm uzmmsntc i- >%>mn& 
mhmm^mmm t &-E.wzmft izm<tz nz^ 
s„ zniz&v^ ^tnfr-iommmcDfrZMibTiri 
moimm tjg^tt^tc * y -£©§ mmo 
mitftfatmmieizMitznZe 

[0 111] ±fB©^tB1tgMlcfc^T»SL<t*. 

s„ iitiiccfeyiii^ji^b^iRi^ii^-rsiit^r* 

So 

[0112] ±ticommmmmizt5^zitmL< 

fi. ^5814S^A,7?SlScS^tt)e^L/c^13S^ 

ttMi^2^its,h^fSo ii+iiccfeyiitfi©^ 
mxfozmmt s £ <t aw s» 

[0 113] ±I3©BgMf31ilSSKfc^T#$L<«:. 

jg 1 mimt%2mtftmtteziHz&mizMite 
tir^So £ftfc«fcyi*«ji©&ib£ft£@;rrs;:<t 

^T#S 0 

[0114] ±mommm$kwiziB^zitt%L<tt. 

?£SI1 tfy hlBiHt^tcEMTt-tifcmi K 

wmi-t^2^y hmmt<D®icmw$titcm2?<>(* 
mhmm^iz&mztitcV'f*- mmm • #nki«c>j 

[0 115] ±IBOB»BB«««tefel^T»SL<tt, 
[Hiii(0tlS#ftKn] 
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M07SSo 
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[H5] loo^ty-b/Hc^-KISifcry 

[06] ^i««SllC«fc5«fb*IWWf*n:»©»1ffl 
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5o 

m 9 ] *m%(D$mwm 3 iz&iizmmmmm 
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So 

[010] *SQIi<Dgffi®}Btt4 (C£(t%ttS[IB1^ 

So 

[mil] *mm<r>nm<nizm s [z&tfzmimmm 

[012] 011 K^?ttftlB1l£B<8ffirt«mft 
lC^-r^0TS5o 

[013] 012 iz*?mmmmw(D io©yiu 

-t;KDS^WWlc^r»r®0T-SSo 
[01 4] n©^t'J-bJHt7-KSif^^7 h 

[015] 08 (mm*.?* mt \* ? >*jxz 

[01 6] 0 9 ©JMKxV h«g<t h7>>>7.$ 

[017] 01 0©Wcfr>*7 H6£ h5>&7> 

[018] *.%m<Djm<Dl&BL 6 iCfcttSJ&MfSltg 

[019] 018 iCCT-TBttllBttSIl© l^tU 
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[021] 09 ©tMlC^ K*aUp Lfc««* 
TOWl^-rirH07 ! SSo 
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[02 6] 02 1 (ommzT'r'Jv mt h^>>u 

[02 7] 02 2©ffilC7<->*7 l-iHt h^Vv^X 

[028] ft*©58Mf BttSB©l°]8H-?&*. 
[029] ftWfttUftfTft a St*©«l«E1«l«Olsl 
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